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The history of human aviation spans over a hundred years, from the 
first manned flight of the Wright Flyer in 1903, which flew a 
ground-breaking 260 metres, to the futuristic spacecraft of today 
that shuttle astronauts and payloads to the International Space 
Station. Today's aircraft are constantly evolving and being upgraded; 
would the Wright brothers even recognise a Eurofighter Typhoon as a 
descendant of their Flyer? In this new edition of How It Works Book of 
Aircraft, we will bring to life a plethora of modern flying machines. 
Find out what it takes to become a pilot for the Red Arrows and how 
the Supermarine Spitfire became such a successful aircraft in the 
Military section. Discover how commercial airliners are becoming 
more and more efficient and how hypersonic flight is being 
developed in the Commercial section. In the Spacecraft section we 
transport you to the outer reaches of space to search for life on 
distant planets and investigate how we may send humans to space, 
Enjoy the book! 
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12 most Iconic aircraft 


ight Flyer 


The iconic aircraft that was created by the most famous of sibling partnerships 






» Orville and Wilbur Wright were pilot their invention. The aircraft was launched heavier than air machine to get airborne. 
Gy) dedicated to their task of developing bao) see-UcjolovamanteseleyeSUmae: (ee eymantoprlelenbelzre| Designed in a biplane structure, the Wright 
' 3 powered flight. Meticulously tested, bicycle wheel hubs. The engine wasvery basic _—_ Flyer had an unfortunate untimely demise 
the Wright Flyer was constructed in Dayton, and worked using a hand lever thatcouldonly | whenit was wrecked four days after its maiden 
Ohio but failed to take off on the first tests open and close the fuel line rather than Deal ua a aa a of ies The ne was 


carried out on 14 December 1903. It eventually throttle. Prior to the Flyer, the brothers created 
managed to get airborne a few days later on 17 various gliders from 1900 to 1903 that were 





December and achieved a best of 260 metres tested without great success. Eventually, they 

(852 feet) as Wilbur and Orville took turns to iColepaComual=molzyaizyerm ie) @enuelesWctopimol-rercDre(emael=punacis SERIES ENN: 
Oe) atjagteqa(e)y cat 
The aircraft was created out of 3 | Ey 














spruce and ash, which were chosen 
for their strong yet lightweight 
properties. Muslin fabric was 
covered over the wood. 
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ee Spain an inline piston engine created by — en pF a SE ee ee =A 
ae <ce pliceeleesnanien cups Sate = — {pi a j ss ee == 





— ee 


Launch date: 1/7 December 
1903 


Length: 6.4m (2L.1ft) 
Weight: 274.4kg (605lb) 
Wingspan: 12.2m (40.3ft) 
Max speed: Minimal 

Max altitude: Minimal 
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7 was created by a team of 50,000 people including mechanics, engineers and secr 





A behemoth of the skies, the size and sheer 
scale of the 747 is now legendary 


Engine eS 


Toeelelelbdle)amcomanl-mecteialare)iele ly 
found inside the cockpit, the 747 
utilises high-bypass turbofans 
that make it powerful, fuel 
efficient and quiet. 


Gala atc lelelejcmrs\ieeclalejammeyseversbablcscaet= lous! 
yx problem. With the popularity of aviation 

_ soaring for business, recreation and industry, 
the supply of aircraft was struggling to meet demand. 
But Boeing had a solution up its sleeve; the biggest 
civilian airplane ever built, the 747. Built in less than 16 
months by a group of workers known as ‘the 
Incredibles’, the design came in three variations - 
passenger, cargo and passenger/freighter -and was 
first flown in 1968. By 1970, this new breed of jumbo jet 
had fitted seamlessly into the world’s air trafficand 





Giants of the sky 

The 747’s immense bulk means it 
can carry 3,400 pieces of luggage 
and its total wing area is larger 
than a basketball court. 
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As well as being a huge machine, the 
747 also contains state of the art 
technology such as a GPS system 
that weighs less than a laptop. 


silenced critics. Since its inception, the 747s have 
appeared in a variety of models. The 747-400 was first 
flown in1988 and is a combination of the earlier freight 
and passenger models. It is the bestselling model. 
Statistics calculated in 2005 reveal that 1,365 747s 
have been delivered internationally to over 80 
CUD i(o) qsjolmenbrcice) sels) amu Bat@acrenle)\Vapimetct-Bileiiseme)t.s) acm 
billion passengers. In recent years, new jumbo jets 
such as the Airbus A380 may have beaten the 747’s size, 
but it remains an icon of the skies and proof for the first 
time that gigantic airliners were possible. 
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Stealth material 
The Stealth Bomber’s structure is _— 
composed of resin-impregnated graphite 
fibre, a reinforced polymer compound that 
has a radar-absorbent coating. 






Payload 
Designed as an advanced bomber, 
the B-2 can accommodate more 
than 40,000 pounds of a nuclear or 
conventional payload. 
















The statistics... 


Northrop Grumman 
B-2 Spirit 

Launch date: 1997 

Length: 71.03m (69ft) 


menus 11,7/00kg (158,071Ib) a | , hten | Mg 
Wingspan: 52.43m (172ft) byat &, | | eS ali C ce B-pP IS 


Max speed: 


1,010km/h (628mph) re e £ a | a Dacity to COll L ‘aim 


Max altitude: 


15,200m (49,869ft) “— “2 F Ae . | immense payload” 
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engine was incredibly thirsty, 
consuming 25,630 litres (5,638 


gallons) of fuel every hour! 
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Concorde 


Launch date: 1976 

Length: 62.1m (203ft) | 
Weight: 10.6 tons (23,400lb) | 
Wingspan: 25.5m (83.8ft) 


Max speed: 
2,172km/h (1,349mph) 


Max altitude: 
18,288m (60,000ft) 


Years in service: 7/7 
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the Enola Gay dropped one of the most 


destructive bombs in human history 


Boeing built —_ 
Enola Gay was a type of 
Boeing B-29 
Superfortress and its 

ovate Me-lale(=m-lalem-|8)| ia ane, : 
carry a huge atomic 
payload made it ideal for , 
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equivalent to 20,000 tons of TNT and 
310M 01010 Nel(-leMlatcje-lala\'amele)@ima(-)/el-lem-lare 
the war. 


® ‘Enola Gay;’ and ‘Little Boy’. Two 
3) names that are now synonymous with 
Bemenvetcberdberemadel-nellaraey@altaersebecetcmcbelomael= 
whole world forever. Named after pilot Paul W. 
WB le)oleiccmpeslelselssem velet-Mer- Mau: treBenmemelejeslelse 
built under the top-secret ‘Silverplate’ 
programme. Part of a batch of 15 bombers, it was 
chosen to fly the first ever atomic combat 
mission. The weapon would be known as ‘Little 
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a i: 


Boy’ and was a15-kiloton bomb. Taking off at 
2.45am local time, it arrived in lwo Jima at 
6.05am and armed its payload. After Little Boy 
Mivfckswebge)e)else See piebelacwiae)esmustcns(citeyerciate)e 
point, the aircraft turned to make its hasty 
escape. As the atomic bomb sent Hiroshima to 
oblivion, Enola Gay was rocked by several after 
shocks as it withdrew. The crew remember 
seeing the resulting mushroom cloud for an 


a gelelecedtleyamiial= 

Up to 4,000 B-29s were made 
on arush basis in what was a 
alele(=maar-|sleir-leinelaiare| 
re]gele]e-|palanr-miisamalelarelasiecme) 
thousands of workers. 


The Enola Gay 


_ The statistics... 








[ona Enola Gay 

: MM Length: 30.2m (99ft) 

| _ Weight: 31,400kg (69,000Ib) 
| | Wingspan: 43m (141.3ft) 


Max speed: 
588km/h (365mph) 


% Max altitude: 
9,710m (31,850ft) 


Years in service: One 


atelebar-Balomet-Vimcbatcvanccbaelcp-tcudelce-thag e2bil 
returned to base, mission accomplished. 
Unknown to many, Enola Gay actually went ona 
second mission later the same month to scout 
out the target for the second atomic bombing 
mission. Today it is housed in the US National 
Air and Space Museum but will always be 
remembered for that devastating day in the 
summer of 1945. 
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State of the art 


The entire aircraft was 
modern, from its retractable 
landing gear, to wing flaps to 
variable pitch propellers. 








Design 

The Electra 10A was Lockheed’s 
first all-aluminum aircraft and the 
use of this material made it 
stronger as the alloy shared the 
weight of the onboard load. 


“The operation ran 

into trouble and Earhart 
gnd the Lockheed Madel 
10 disappeared © 
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Lockheed Electra 10& | 
Length: 11.8m (38. 7ft) 
Weight: 3,220kg (7,100lbs) | 
Wingspan: 16./m (55ft) | 
Max speed: 312km/h (194mph) | 
| 
Twin tail | 
The ModellO hada | 
signature twin tailin | 
addition to a distinctive | 
art deco appearance | 
that was very popular | 
at the time., | 
\ _ 
= 
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LZ a hindendisg 
Launch date: 4 March 1936 
Length: 245m (803.8fD 


Diameter: 41.2m (135.1ft) 


Max speed: 135km/h (64mph) 


Crew: 40 flight officers, 
12 stewards and cooks 


Years in service: 
One year and two months 
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(Ofe) nl ice) Mer-| al 
The Hindenburg was 
ant=|alel-10\Vig-lel o\mdal— : 
dslalg=igele)ale(:] Mme) @ere) singe) + 
car on the bow of-the 
airship. Rudders and 

_ oo . ator wheels helped 

- pilot th he massive machine. 








Rime Ceudel-penccie(-(idel-le-lelneaselmloldemacelaebals 
Gy) | giant airships filled the sky. They were the 

preferred transport of the rich and famous and 
were particularly popular in Germany, where Zeppelin 
airships were all the rage. The Hindenburg was 
constructed solely for transcontinental transportation 
and after its maiden flight, became the largest object 
ever to fly ata mammoth 2.1 million cubic metres (7 
million cubic feet). The airship finally got airborne after 
jubatsBelest-Deci0le)eleameimuetcw\\tcVANCle\(cdeebenlsvelm-nele mies 
maiden flight to the USA occurred on 31 March 1936. By 
the end of the year it had crossed the Atlantic 34 times 
























“The Nazis were aware of thems a 
ye. | symbolic value of the — 
idenburg so emblazoned it a 
ala nswastikas as it appeared at 

the Berlin Olympics and the. _ 
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carrying both passengers and cargo. It even had an 
autopilot system that could keep the ship on course in 
stable weather conditions. All seemed to be going well 
for the new technology but disaster would strike on 6 
May 1937. When flying over Lakehurst, New Jersey an 
electrostatic discharge ignited with leaking hydrogen, 
causing the Hindenburg to explode dramatically. 
Miraculously, only 35 of the 97 passenger crew died with 
the majority just escaping with their lives. The disaster 
sent shockwaves across the world and the zeppelin 
industry never recovered. The age of transatlantic 
airship travel was over before it really began. 
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“The fighter remains 


gn evocative symbol of 


the dogfights over the 
Western Front” 


Three wings 

The Fokker was a 
dreidecker (three 
decked) fighter with its 
wheel structural 
support acting as a 
smaller fourth wing. 





Firepower 
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Fokker Dr.I [ARES es 
Launch date: 1917 Stee 
Length: 5.77m (18.93ft) ReRaRe SES 
Weight: 406kg (895Ib) ae 
Wingspan: 7.20m (23.62ft) TSS 
Max speed: 165km/h (103mph) : 










The German pilots wielded Max altitude: ies < 
twin 7.92mm Spandau LMG 6,095 m (19,997"t) hevpance 
_ * f 
08/15 machine guns that Numbor produced: =20 k 
would cause mayhem to the bs 
British planes in the _ i . 
1915-1916 ‘Fokker Scourge’. I 
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Engine | 
Alongside the wings, the | 
rotary engine gavethe Jf 
Dr.| an excellent service | 
ceiling and climbing | 
capabilities for the era. 
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Cockpit Engine 
Two pilots control the war Requiring expert 
machine, which has a manoeuvrability to dodge 
state-of-the-art cockpit enemy fire and take down 
complete with long-range insurgents, the Apache has 
communication and that in abundance thanks to 
navigation systems. its T700 Turboshaft engine. 








The statistics... 





Boeing AH-64 
Apacne ia 


Launch date: 1984 

Length: 17./73m (58.17ft) 
Weight: 6,838kg (15,075lb) 
Max speed: 279km/h (1/3mph) 
Years in service: 30 
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“The design was so 
seg Hoe 4 g ' | 
reach its target speed good that th Sy X = . The X-1 yeaden 
and for safety reasons, id d : , ' at | 
ever air launched from FA mm " aint j late | sonal | 
Boeing B-29 or B-50. C © SP Ce p rOgra e : Feast scheme. | 
le | 
| 
| 
| 
| 
———— a l 4 
Need for speed | - | 
Cabin pressurisation, ; | 
retractable landing | 
gear and 12 nitrogen i INR . | 
fuel spheres gave the . | Tk ‘atistics... 
X-1 the best chance of fhe statist aa 
achieving its goal. | aa : | 
Bell X-1 | 
Launch date: 1946 
Length: 9.45m (31ft) | 
Weight: 3,674kg (38,100\b) | 
Wingspan: 8.54m (28ft) 
Max speed: 1,540km/h z 
(957mph)/ Mach 1.45 . 
Max altitude: | 2S 
21,900m (71,900ft) = 
a = ai | 2 = : 
— 2 
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Bullet proof 
Many Spitfires had their 
fuel tanks lined with 

linatex rubber to prevent 











| | leaks and fire when they 
, were struck by bullets. 
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High flyer 


As well as being a more than capable 
fighter, the Spitfire’s high service 
ceiling allowed it to be an effective 
reconnaissance aircraft, gathering 
valuable enemy information. 





The statistics... 





Supermarine Spitfire 
Launch date: 1936 


Length: 9.12m (29.11ft) 
Weight: 2,257kg (4,976lb) 
Wingspan: 11.23m (36.10ft) 
Max speed: 

584km/h (362mph) 

Max altitude: 

10,668m (35,00ft) 

Years in service: 19 


Strategy 

Boasting superior 
manoeuvrability, Spitfires 
would take down the more 
nimble German fighters while 
the Hurricanes went for the 
Luftwaffe bombers. 
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Flight preparation 
To be able to make the 
daring trip, the aircraft's 
wingspan was lengthened 
and a larger fuselage was 


constructed to accompany ~~ 


the increased fuel tank. 
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The.extra fuel tanks req quired 4 
for the transatlantic journey — 
were so big that the aircraft's © 
capacity was cut from five 
persons down to one! Lapon ds . 
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Lancaster bomber 


F-35 and future fighters Westland Lynx 
48 Undertaking some of the most 54 Can any other vehicle beat the 


Meet the next-generation of 








stealth fighters offering dangerous missions of WWII Westland Lynx’s records? 
all-round air supremacy : 

50 Sea Harrier Strategic bombers 
Aerobatic displays Dominating the subsonic S6 Takea look at the dedicated 
The amazing tech behind the jet fighter field, the Harrier bombing aircraft of war 
stunning aerial displays ofthe changed fighter dynamics 
Red Arrows and Blue Angels Attack helicopters 

Sea Vixen Explore the world’s deadliest 

100 years of 52 Next-generation firepower in military gunships 
fighter planes an all-weather jet fighter | 


From World War Ito modern 
day, inside the most iconic 
military aircraft 


Supermarine Spitfire 
What made the Spitfire such 
a spectacular aircraft in the 
Second World War? 
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F-35ANDTHE 


FUTUR 
FIGHTERS 


Legacy aircraft worldwide are being blown out of the 

skies a a formation of revolutionary multi-role fighter 

jets, offering all-round air Biprern acy and a letha 
arrage of explosive new technology 










LiftSystem 
The STOVL variant of the F-35 
Lightning II uses the Rolls-Royce 
LiftSystem, an innovative 
propulsion system that allows 
for the main engine exhaust to 
be redirected for vertical lift. 


Alliance 
There are eight global partners 
in the F-35's development 
along with the USA: the UK, 
Italy, the Netherlands, 
Australia, Canada, Denmark, 
Norway and Turkey. 


DoD 
Interestingly, the F-35 
designation of the Lightning 
ll is out of Sequence with 
standard DoD numbering. 
It was supposed to be 
named the F-24 instead, 


X-35 
The prototype F-35 was the 
Lockheed Martin X-35, which 
narrowly beat a rival design 
from Boeing (X-32), despite 
both aircraft exceeding or 
meeting the JSF requirements. 


Birth 
The F-35 was born out of the 
a joint strike fighter (JSF) 


2 TOP 
FACTS 


F-35 Lightning II 


programme, which was initiated 
to create an aircraft that would 
replace the F-16, A-10, F/A-18 
and AV-8B tactical fighter jets. 
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) The latest and greatest ‘black project’ from 
Lockheed Martin's Skunk Works - 

"} te chnically referred to as the Advanced 
Development Programs (ADP) unit, a classified 
division of the company unrestrained by 
bureaucracy — the F-35 Lightning II is the most 
advanced fighter jet on Earth. It’s the first and only 
stealthed, supersonic, multi-role fighter. 

Born out ofa demand to dominate the fluid 
21st-century battlefield, replacing a plethora of 
legacy aircraft such as the F-16 and A-10 Thunderbolt 
II, the F-35 is rewriting the rulebook on aircraft 
design, capable of performing almost any possible 
role imaginable today — be that strike, support or 
reconnaissance - with greater efficiency than any 
other aircraft made to date. The cost of this 
performance? £89m ($139m) per plane. 

So what does all that cash actually buy you? To 
start, the most powerful powerplant ever fitted toa 
fighter aircraft. The F-35, across all its three 
variants — read: F-35A, F-35B and F-35C, differentiated 
largely by takeoff mechanism - is fitted with a Pratt 
& Whitney F135 afterburning turbofan jet engine, 
which delivers a mighty 19,500 kilograms (43,000 
pounds) ofthrust and grants asound-shattering top 
speed of over 1,930 kilometres (1,200 miles) per hour; 
that’s over Mach 1.6 or, to put it another way, 
infinitely faster than your gran’s Mini Metro! 

The cash, which is being dropped in large 
quantities by the States, as well as eight other global 
partners including the United Kingdom - which is 
set to deploy the aircraft on its new Queen Elizabeth- 
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F-35 Lightning 


Put simply, the most versatile, deadly and 
technologically advanced fighter jet in the world 















class aircraft carriers — also purchases the operator 
one of the most advanced aircraft structures in 
existence. Each F-35 utilises structural 
nanocomposites, such as carbon nanotube- 
reinforced epoxy and bismaleimide (BMI), to 
produce a framework unrivalled in lightness and 
strength, as wellas heavily integrating epoxy glass 
resin to maximise aerodynamics. In terms of skin 
and coatings, each F-35 aircraft sports a radar 
cross-section the size of a golf ball thanks to the 
implementation of fibre-mat over the fuselage. 

The cockpit is also state of the art, delivering a 
full-panel-width, panoramic glass cockpit display as 
well asa host of bleeding-edge avionics and sensors 
such as the Northrop Grumman AN/APG-81 AESA 
radar and electro-optical targeting system (EOTS). 
Further, much ofthe cockpit has been optimised for 
speech-recognition interaction, allowing the pilot to 
control many parts of the jet by voice alone. 


The rate of climb of the F-35 
iscurrently classified 











“Each F-35 utilises structural 
nanocomposites, such as 
carbon nanotube-reinforced 
epoxy and bismaleimide” 


AnF-35 on Lockheed Martin'sprimary= 
olen Combbatcrsi@me)am'l"(e)adauemked.¢: lm 


Of course, the main attraction ofthe Lightning II 
is its diverse armaments - the equipment that 
transforms it from technical marvel into a master of 
destruction. You want air-to-air prowess? You've got 
it, with the F-35 capable of launching AIM-120 
AMRAAMs, AIM-9X Sidewinders, IRIS-Ts and the 
futuristic beyond-visual-range MBDA Meteor. For 
maximum air-to-ground penetration, take your pick 
from AGM-154 JSOWs, SOM Cruise Missiles and 
Brimstone anti-tank warheads. Even if you want to 
engage marine-based targets the F-35 delivers the 
goods, capable of launching the new anti-ship Joint 
Strike Missile (JSM). Throw ina raft of other 
munitions, including the Mark 80 series of free-fall 
bombs, an Mk.20 Rockeye II cluster bomb, the 
Paveway series of laser-guided bombs and even, in 
DEFCON 1situations, the B-61 nuclear bomb and you 
have one extremely versatile, powerful and deadly 
feat of aviation. 
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. LiftSystem —- 
Made by tech-masters Rolls-Royce, the F-35’s 
LiftSystem is an innovative propulsion system 
_——_ that allows for the main engine exhaust to be 
| ao aa , redirected for direct vertical lift. Perfect for 
i 2 os carrier deployment. 
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How It Works breaks down ~ 
this awesome piece of military 
engineering to see what 

makes it so advanced 
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Cockpit - 
A panoramic glass cockpit display 
(PCD) is standard on the F-35, 
allowing unparalleled visibility. 
Speech-recognition systems also 
offer audio control of parts of the 
pilot interface. 
















Sensors . 
The main sensorinstalled in the F-35 
is an AN/APG-81 AESA radar, which 
is produced by Northrop Grumman. 
This main radar is augmented with 
an electro-optical targeting system 
(EOTS) mounted under the nose. 





Armament - 

Asides from astock GAU-22/A 
quad-barrelled cannon, the F-35 can 
carry a wide variety of bombs and 














missiles, ranging from AIM-9X 
Sidewinders, through AGM-128s 
and on to JDAM-guided bombs. 
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YW The F-35 has the capability to carry and launch o B-61 nuclear bomb 




















- Structure 

The F-35 is the first mass-produced 
aircraft to include structural 
nanocomposites, primarily 

utilising carbon nanotube- 
reinforced epoxy. Other materials 
include bismaleimide (BMI) and 
composite epoxy glass resin. 





A Pratt & Whitney F135 afterburning 
turbofan delivers 19,500k<g (43,000lb) 
of thrust to the F-35, allowinga top 
speed of over1,930km/h (1,200mph). 
The engine is the most powerful ever 
installed in a fighter aircraft. 





- Wings 

The total wing area of the Lightning 
II varies dependent on configuration, 
with the CTOLand STOVL variants 








- Stealth 


The F-35 hasa tiny radar cross- 
section (the size of a golf ball) thanks 
to heavy implementation of 
fibre-mat in its construction, as well 
as stealth-friendly chines for vortex 
liftas used on the SR-71 Blackbird. 


‘The F-35 s Liftsystem 

dllows for the main engine 
exhaust to be redirected 

for direct vertical lift” 
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sporting 43m? (46oft?) and the 
CV variant 62m? (668ft’). 


The statistics... 


Crew: | 
Length: 15.7m (5L4ft) 
Wingspan: 10./m (S5ft) 
Height: 4.3m (14.2ft) 
Weight: 13,300kg (29,300Ib) 


Powerplant: 1 x Pratt & Whitney 
F135 afterburning turbofan 


Dry thrust: 175kN (28,000I|bf) 


Thrust with afterburner: 
1SIKN (43,000Ibf) 


Max speed: Mach 1.6 
(1,930km/h; 1,200mph) 


Max range: 
2,220km (1,379mi) 


Max altitude: 

18,288m (60,000ft) 
Thrust/weight: 0.87 
g-limit: +9 g 

Guns: 1 x General Dynamics 


GAU-22/A Equalizer 25mm 
four-barrelled Gatling cannon 


Hardpoints: 6 x external pylons, 
4x internal pylons 


Max payload: 8,100kg 
(18,000lb) 


Armament: Air-to-air, 
air-to-ground, anti-ship 
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Russia’s hottest jet project currently in development, 


the highly classified Sukhoi T-50 is a fifth-generation 
multi-role fighter designed to deliver awesome 
long-range strike capabilities 


Arguably the main competitor to the F-35 
Lightning II, the Russian-made Sukhoi T-50 is 
an extremely advanced, twin-engine, 
multi-role jet fighter that, aside from beinga 
top-level black project (in other words, highly 
hush-hush), promises to deliver an insane top 
speed, range and payload. 

Power, which is titanic - 267 kilonewtons 
(66,000 pounds-force) of thrust on afterburner 
-comes courtesy of two Saturn 117 turbofan jet 
engines. The thrust has been drastically 
increased since the previous AL-31 powerplant 
and this not only allows the T-50 to easily 
surpass Mach 2 (a top speed of 2,500 
kilometres, or 1,500 miles, per hour) but also 
supercruise - continuously fly at supersonic 
speeds without engaging the afterburner. 

The reason for the twin-engine setup, as 
well as the supersized fuel tanks, is to help 
fulfil the T-50’s design focus to specialise in 
long-range interdiction operations (striking at 
enemy targets that are located at a great range 
from allied forces). This is a core competency 
for modern Russian military bombing aircraft 
due to the size of the country and the great 
distances between stopover points. 

Avionics are handled by an integrated radar 
complex, which includes three X-band active 
electronically scanned array (AESA) radars 
mounted to the front and sides of the aircraft, 
an infra-red search and track (IRST) system, as 
well asa pair of L-band radars on the wing 
leading edges, which are specially designed to 
detect very low observable (VLO) targets. 
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In terms of firepower, the production variant 
of the T-50 will boast up to two 30-millimetre 
cannons, as well as a mix of Izdeliye 810 
extended-beyond-visual-range missiles, 
long-range missiles, K74. and K30 air-to-air 
short-range missiles and two air-to-ground 
missiles per weapons bay. Free-fall bombs can 
also be carried - with a limit of up to 1,500 
kilograms (3,300 pounds) per bomb bay -as 
well as various anti-AWACS (airborne warning 
and control system) armaments, suchasthe 
RVV-BD variant of the Vympel R-37. 

Currently only a handful of T-50s have been 
produced and flown, however it is expected 
that throughout its 35-year life span beginning 
in 2016, more than 1,000 jets will be made, each 
unit costing between £31-36m ($48-57m). 

The NIIP AESA radar as will be used on 
the production variant of the T-50 





“Typhoon 
fila 


. Paveway II bombs 





Aswellas air-to-air roles» 


the Typhoon canadapt to \“?.. ». 


air-to-ground operations, 
delivering GBU-16 . 








The statistics... 


© Dmitry Pichugin 
Sukhoi T-50 

Crew: 1 

Length: 19.8m (65.9ft) 
Wingspan: 14m (46.6ft) 
Height: 6.05m (19.8ft) 

Weight: 18,500kg (40,785lb) 
Powerplant: 2 x AL-41F1 
afterburning turbofans 


Max speed: Mach 2+ 
(2,500km/h; 1,560mph) 


Max range: 
5,500km (3,417mi) 


Max altitude: 
20,000m (65,600ft) 


Rate of climb: Classified 
Thrust/weight: 1.19 
g-limit: Classified 

Guns: 2 x 30mm cannons 


Hardpoints: 6 x external pylons, 
4x internal pylons 

Armament: Air-to-air, 
air-to-ground, anti-ship 
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3. LONG DISTANCE § Air interdiction 
This role involves using 
aircraft to attack tactical 
ground targets that are not 


Close air 
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Eurofighter Typhoon 
ATyphoon undertakes a Crew: 1 
low passat highspeed ———— 
Length: 16m (52.4ft) 
Wingspan: 11m (35.9ft) 
Height: 5.3m (17.3ft) 


Weight: 11,150kg (24,600Ib) 


Powerplant: 2 x Eurojet EJ200 
afterburning turbofans 

Dry thrust: 

6OkN (13,000Ibf) each 

Thrust with afterburner: 
89kN (20,000Ibf) each 

Fuel capacity: 

4 500kg (9,900Ib) internal 


Max speed: Mach 2+ 
(2,495km/h; 1,550mph) 


Max range: 
3,/90km (2,350mi) 


Max altitude: 

19,810m (64,990ft) 

Rate of climb: 

>315m/s (62,000ft/min) 
Thrust/weight: 1.15 

g-limit: +9/-3 g 

Guns: | x 27mm Mauser BK-27 
revolver cannon 

Hardpoints: 13 (8 x under-wing, 
5 x under-fuselage) 

Max payload: 

7,500kg (16, 500lb) 
Armament: Air-to-air, 
air-to-ground, anti-ship 
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The Typhoon is one of the most adaptable 
multi-role fighters in operation today and has 
recently been upgraded to deliver enhanced 
air superiority and all-round lethality in its 
combat operations over the next decade 


The Eurofighter Typhoon is currently one of 
the most agile aircraft in the world. Itis so 
agile, in fact, that attempting to blowit out the 
skies is like trying to make a mile-long sniper 
shot in high wind. Why? It was built to be 
fundamentally aerodynamically unstable 
and, ifit were not for its advanced fly-by-wire 
control system generating artificial stability, 
would be too much for even the most 
experienced pilot to handle. This instability, 
however, allows for pilots to perform some 
physics-bending manoeuvres at just plain 
stupid speeds -— read: upwards of Mach2- 
delivering them a combative edge and helping 
to ensure total air supremacy. 

Of course, agility alone can only take youso 
far - especially so when the hardware needs to 
fulfil almost every airborne military role 
imaginable. Good job then that the Typhoon 
can carry an abundance of weapons. You need 
to go toe-to-toe with enemy fighters inan 
air-to-air combat dogfight? No problem, take 
your pick from Sidewinder, ASRAAM and 
AMRAAM air-to-air missiles. Need to 
undertake a bombing run through hostile 
territory? Well, the Typhoon’s 13 hardpoints 
allow for Maverick, HARM and Taurus 
munitions to be smartly delivered (via 
laser-guiding and GPS) with ice-cold efficiency. 
Need to disrupta hostile target’s comms 
network through a tactical electronic warfare 
strike... You get the point. 

Supporting this awesome arsenalisan 
upgraded weapons system, which has been 
designed to unite the pilot and hardware like 
never before. Typhoon pilots are now linked to 
their aircraft by an ‘electronicumbilical cord’, 
which extends from a comms-optimised 
helmet directly into the jet’s system. This not 
only allows images and videos of notable 


“The Typhoon's 13 
hardpoints allow 
multiple munitions 
to be wold | | 
delivered with ice- 
cold efficiency” 


contextual information to be directly fed to the 
helmet’s visor for immediate consultation by 
the pilot, but also enables special nodules on 
the helmet to be tracked by fixed sensors in the 
aircraft's cockpit. As such, wherever the pilot's 
head moves, the aeroplane knows exactly 
where they are looking and can automatically 
prep weapon stores dependent on the 
perceived level of threat. 

Any future fighter though also needs to be 
prepared to defend itself against a barrage of 
smart munitions, which again - thanks tothe 
Typhoon’s perpetual evolution -the hardware 
delivers in spades. The entire jet is protected 
bya high-integrated defensive aids sub- 
system (DASS), also nicknamed Praetorian. 
Praetorian consists of a wide array of sensors 
and electronic/mechanical systems — 
detection is handled by both a radar warning 
receiver and laser warning receiver - that 
automatically track and then respond to both 
air-to-air and surface-to-air threats. The plane 
can respond by releasing chaff (eg small bits of 
aluminium or metallised glass, etc), flares and 
electronic countermeasures (ECM), as wellas 
by releasing a towed radar decoy (TRD). 

As of October 2011, 300 Typhoons are 
recorded to be in operation worldwide with 
over 170 aircraft on order. 


The RAF received 
its first multi-role 
capable Typhoons 
in March 2007 





5x Typhoon images © BAE Systems 
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) Anyone who's seen the Red Arrows or the 
Blue Angels perform will know why many 

J consider these pilots to be the world’s best. 
They execute death-defying stunts at breakneck 
speeds; flying low to the ground and experiencing 
g-forces that makes their heads feel like 20-kilogram 
(44-pound) balls. They manage not only to control their 
aircraft, but also to work perfectly in a team, pushing 
themselves and their aircraft to the limit. 

The Blue Angels - the US Navy's flight 
demonstration squadron -and Red Arrows - the UK’s 
Royal Air Force Aerobatic Team - have very 
interesting origins. After World War II ended, the US 
chief of naval operations, Admiral Chester Nimitz, 
was keen to maintain the high level of publicinterest 
in naval aviation. He feared that he would lose 
significant amounts of funding to other areas of the 
US Army; therefore, he deviseda plan to createa 
flight exhibition team. Throughout the following 
decades, the Blue Angels flewa number of different 
planes, including the Fé Hellcat, the F-4 Phantom and 
the A-4 Skyhawk. They finally settled on the Boeing 
F/A-18 Hornet in 1986, the goth anniversary of their 
conception, which they still use today. The Blue 
Angels now perform all over America, with air shows 
taking place between March and November. 

The Red Arrows take their name from two aerobatic 
display teams that preceded them, the Red Pelicans 
and the Black Arrows. The first Red Arrow display 
team was formed in 1964 after concerns that aerobatic 
display pilots were neglecting their combat training, 
as they preferred to practice their stunts. The first 
official Red Arrows flew the Folland Gnat which had 
been used by the Yellowjacks in previous years. The 
original team flew with seven aircraft, until1968 when 
they decided to adopt their now trademarked 
‘Diamond Nine’ formation. In 1979, the BAE Systems 
Hawk -a modified version of the Royal Air Force's fast 
jet trainer- was chosen to replace the Gnat. The Red 
Arrows have now performed nearly 5,000 shows and 
celebrated their 50th season in 2014. 
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Death-defying displays =» 


Find out how display pilots pull off their incredible 
manoeuvres with precision and coordination 


Both the Red Arrows and the Blue Angels 
update their show routine each year, which 
typically lasts between 20 and 30 minutes. They 
prepare three different displays and choose 
which one to perform by examining the 
weather conditions. A ‘full’ or ‘high’ show will 
be performed in clear weather, when the cloud 
base is over 1,372 metres (4,500 feet) high. This 
allows a full, looping display to be carried out 
and means that even at the top of each loop, the 
planes will remain visible. 

Ifthe cloud base is lower than this and 
conditions are overcast, a ‘rolling’ or ‘low’ 
display is performed. When the weather is 
particularly bad and the cloud base is below 
762 metres (2,500 feet), a ‘flat’ show is 
performed. This will include mainly flypasts 
and steep turns, as these are the only 
manoeuvres that remain visible in such 
poor conditions. 

The first five Red Arrow planes (Redsito 
5) are the front part of the overall formation, 
known as ‘Enid.’ The remaining three planes, 
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Reds 6 to 9, make up the rear section and are 
known as ‘Gypo.’ Reds 6and 7 are the ‘Synchro 
Pair,’ and will perform opposition manoeuvres 
during the second half of the show. The Blue 


Angels also have a similar pair-the Blue 5 and 6. 


Blue Angel 5 pilot Mark Tedrow 
spoke about the most challenging 
manoeuvre that he performs: 
“It’s called the inverted tuck 
over roll which is where I'm 
trying to hide my plane 
behind Blue 6, so the 
crowd only see one 
aircraft. Last year we 
performed this 
upright, but this 














year we decided to make things harder and 
perform it inverted.” 

Being disciplined during a manoeuvre is vital 
for all display pilots. Hours of practice enable the 
Red Arrows to move nine aircraft as one. Red 2 
pilot Mike Bowden, revealed how the Red 
Arrows achieve this visual feat: “There's a 
perfect position to be in during all manoeuvres 
and to achieve this we aim to triangulatea 

- position on the Team Leader’s aircraft,” he 
mS explains. “We use two reference 

N points to put usin the right part of 

’ the sky, which helps us to ensure 
& that we don't get too close. Six feet 

q [1.8 metres] apartis close enough 
Sea = when you've got nine aircraft 
oe | ‘ in one vicinity.” 





The Red Arrows can produce a 
vapour trail for seven minutes 
during a 30-minute display 
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Spitfire Reversal Whirlwind 


In recognition of the 75th anniversary of the Battle of The Whirlwind was introduced for the 2015 Red Arrow 
Britain, the 2015 Red Arrows display featured them displays and features all nine jets performing a roll 
flying in the shape of a spitfire. followed by a Blackbird loop. 


eae! 


Rollbacks 


Red 2 will pull out of the Diamond Nine formation and perform a full 360-degree roll around Red 4 and then 
himself outside of Red 4. At the same time, Red 3 will perform an identical manoeuvre around Red 5. The 
difficulty here is to keep the roll as tight as possible, and to time the rolls so that they are the same speed and 
look the same to the crowd. 








Vixen Break Mirror Roll 

All planes fly directly towards the crowd, before Throughout their 2015 displays, the Red Arrows 
breaking in different directions up and away from the revived the Mirror Roll which involved Red 6 

crowd, pulling up to 7g. This is often a crowd favourite, performing an inverted barrel roll at -2.5g, while Reds 
but is one of the simplest manoeuvres to perform. 7, 8 and 9 remain in formation. 
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“The high speed-crossing 
manoeuvre is much easier 


MILITARY AIRCRAFT than rolling into formation” 


















= | ) | 
Inside the moves 
Explore what makes the awe-inspiring manoeuvres work 


All of the manoeuvres performed by the Blue speed-crossing manoeuvre, which is actually 
Angels are difficult in their own way, but some much easier to do than rolling into formation. 
of the stunts that look the hardest are actually This may look graceful, but it requires much 
the easiest. An example of this is the high more skill to perfect. 

















Double Farvel Knife Edge Pass 


This manoeuvre involves the first four Blue Angels. To perform this manoeuvre, two planes fly towards 
They perform a flypast in a very tight diamond the same point at high speed, before suddenly 
formation while two of the planes, Blue Angels 1 altering their position so they pass each other. This 
and 4, are inverted. can be performed as low as 15.24 metres (50 feet). 


S 1200 
GALLONS 


(4,542 
LITRES) 










Section High Alpha Pass 

This is the slowest manoeuvre the Blue Angels 
perform, and involves two of the jets slowing to 
193km/h (120mph) as they pitch the noses of 
their planes up to an angle of 45 degrees. 
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Flying helmet . 
Although it primarily 
functions to protect the 
pilot’s head, the helmet 
houses the 
communications 
equipment as well. 


Oxygen mask ° 
The Red Arrow pilots all 


























wear oxygen masks a 

fitted with a microphone, 

but their Blue Angel 

Cou ernetts do nO, = Above: The Blue Angels wear 
they typically don’t fly a their iconic yellow helmet 


but do not wear an oxygen 


above 4,572m (15,000ft). ff 
wv ay mask during performances. 


Display Life preserver 
flying suit The life preserver is 
The Red Arrows equipped with vital 
and the Blue : survival aids, such 
Angels have their * as a locator beacon 
own display suits and mini flares. 
accordingly 


coloured to suit 


their name. These — Personal 
are not worn equipment 
during training. connector 


Red Arrow pilots 
use this to connect 
to their aircraft. It 

provides oxygen 
and also inflates 
their ‘g’ trousers. 


Combating g-forces 


We measure gravity in terms of how much 
acceleration a force applies to an object. During 
some of their daring manoeuvres, aerobatic 
pilots will often be exposed to extreme 
gravitational forces. These forces direct their 
blood away from the brain towards their feet, 
causing the heart to stop pumping sufficient 
blood back to the brain which will eventually 
cause the pilot to totally blackout. 

There are two ways that aerobatic pilots i) 
can counteract this problem. Red Arrow pilots = / i }/ 
wear a g-suit which employs a compressed is f/ 
air and bladder system. This compresses Pi 
the legs and abdomen, reducing the Ta! 
likelihood of a blackout by reducing the Ah} 
amount of blood able to flow away from 
the brain. 

Blue Angel pilots undergo specific training 
to enable them to fly without g-suits. This is 
because it is impossible to wear them when 
they fly, as they rest their forearms on their 
legs and use their knees as a fulcrum which 
the suits could interfere with tf worn. Instead, they 
learn to tense their lower body muscles and exhale 
sharply (known as the ‘hick’ manoeuvre), that 
slows the rate at which the blood flows away from 
the brain. Blue Angel pilots are mandated to 
exercise at least six times a week, which keeps 
them fit and helps their bodies cope with g-force. 
On top of this, they train in a centrifuge each year 
which exposes them to extreme g-force and lets 
them practice dealing with its effects. 


Anti-g trousers 
Unlike the Blue Angels, 
the Red Arrows wear 
anti-g trousers to 
prevent blood from 
rushing to their legs 
during manoeuvres 
involving strong g-forces, 

















What it takes to 
be a display pilot 
Learn about the rigorous 


interview and training that 
future pilots have to face 








Blue Angels recruits have 


hei ; f lect | s . te to complete a variety of 
The interview process forse ecting anew ron. ale : : : pa 255 Tr ¥ - 5 survival challenges before 


member of a display team is incredibly earning their qualifications 
thorough. In the case of the Blue Angels, there to tly with the tear 
has to bea completely unanimous (16-0) vote in 


favour of a candidate in order for them to join. Th experience you'll need to qualify 


The Red AELOWS wall shortlist nine potential With only three spots available each year, gaining a place in a display team needs 
pilots via a pre-selection board, who are then a very specific set of skills 


invited for the seven-day interview. During this 
time, the candidates will undertake a flying 
test, meet the current team, accompany a Red 
Arrow pilot during a display practice and be 
formally interviewed. Once this has been 
completed, the current team will meet to decide 
which applicants have been successful. 

Flight lieutenant Mike Bowden, who pilots 
Red 2, explains how first-timers learn to flyin 
unison: “When you fly in formation on the front 
line, you wait for the aircraft around you to 
move and copy what they do,” he says. “If we 
were to do this in the Red Arrows it would make 
the overall formation look very broken, which is 
why we learn to follow voice commands from 
the Team Leader). We aim to perfect formation 
flying before moving to complex manoeuvres.” 

After meeting the initial criteria, Blue Angel 
applicants, or ‘rushees’ as they’re fondly 
referred to, shadow the current pilots for 
numerous displays. They watch everything the 
existing team do, attend team briefs and go to 
social engagements. Candidates are then 
whittled down, with the remaining potential 
pilots put forward for a daunting one versus 16 
interview, where all current Blue Angel pilots 
and officers ask the candidate a question. 

After this, the current team sits down and 
decides which candidates will be joining the 
following year’s team. We spoke to LCDR Mark 
Tedrow, the lead solo pilot for the Blue Angels, 
who revealed how they train: “The Blue Angels 
are so unique and the flying we do is very 
different to anything you do in the military - it 
really does feel like learning to fly all over 
again,” he says. “Between the end of one season 
and the start of the next, we aim to accumulate 
120 training flights. We are usually flying 15 
times per week, which is a fairly gruelling 
schedule, but that means we can perform our 
manoeuvyres practically from muscle memory.” 
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BLUE ANGELS 


/sxo 10ers ialeyel 
Many pilots are educated to degree level, 
but this isn’t a requirement 


Experience 
Experience in an F/A-18. 


Carrier-qualified, active-duty Navy or 
AVF] al al=m Ove) g e}om f= [ead [er-| M [1am 0) | (e) m 


Combat experience, usually in landing 
folame|alemits|.410(eme)nmice)aala||ceie-)nmer-|aa(>] aor 


= Fiving Hours 
PMN WON Re)g 


1,250 


FLYING HOURS IS EXPECTED. 


— Becoming ‘The Boss’ — 


The Chief of Naval Air Training selects the 
‘Boss’, the Blue Angels commanding officer. 
The Boss must have at least 3,000 tactical 
jet flight-hours and have also commanded a 
tactical jet squadron. The Commanding 
Officer flies the Number 1 jet and leads all 
of the formations. 


© MOD/Crown; Thinkstock; Corbis 
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MILITARY AIRCRAFT 


100 years of fighters” we 














1938 


a = 
Supermarine Spitfire . t aad - 
The Supermarine Spitfire was ll = Y) 
1989 used by the RAF and other Allied ) r 
Harrier Il forces during WWII. It was designed as a — 
short-range, high-performance interceptor 
December 1989, the Harrier Il is an aircraft, with a maximum speed of 595km/h 
example of a vertical and/or (370mph). Originally fitted with eight .303 
short-takeoff and landing (V/STOL) Browning machine guns, it helped defend Britain's 
| coastline during the Battle of Britain. 


Introduced to active service in 


jet aircraft, perfect for use on 
aircraft carriers. It was frequently 

used in combat during missions in P f , 
Kosovo, Iraq and Afghanistan. 





f= | 
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F-117 Nighthawk 
The F-117 Nighthawk was equipped with 
pioneering stealth technology and was 
designed to have a minimal radar 
cross-section, making it very 
hard to detect by traditional 
monostatic radars. During 
its 25 years of service, 
only one was ever 

lost in combat. 





) From daring dogfights over World War I international race to create faster, more 
France, to the computer-powered prowess manoeuvrable and ever-more destructive aircraft. 


Mi O [) ER N [) AY J ofthe modern era’s jet fighters, the history By the end of the Great War, the tactical 
= 7 of aerial warfare is nearly as old as flight itself. advantages of maintaining air superiority were 


| N S | [) E TH F In 1915, Dutch engineer Anton Fokkerdevisedan _ well established and by 1939 and the dawn ofthe 
interrupter gear, asimple mechanismthatallowed Second World War, another leap in aerial combat 


Mi OST | CO N | C a fixed machine gun to fire through a plane's was already dominating the skies. Capable of 


running propeller blades. The first planetousethis hitting speeds of over 500 kilometres (311 miles) per 
Mi | LITA RY was the Fokker Eindecker, which was so effectiveit hour, the Messerschmitt Bf109 was over three 


Al RC Re A FT began what the British Royal Flying Corpsreferred __ times faster than the Eindecker. From its testing 
to as the ‘Fokker Scourge’. This sparked an ground in the skies of the Spanish Civil War to the 





038 





P Frenchman Adolphe P 


invasions of Poland and France, this powerful, 
lightweight and well-armed fighter set a new 
precedent for fighter planes. 

Aerial warfare was now recognised as the key 
to strategic success on the ground. Luckily, Allied 
machines, such as the Rolls Royce-powered 
Spitfire that was already inservice at the 
outbreak of the war, were able to out-class their 
German rivals. In the final months of the war, 
however, the future of fighter aircraft had 
already taken to the skies. Though it came too 
















late and in too small a number to turn the tide of 
the war for Hitler, the Messerschmitt Me 262 was 
the first-ever jet fighter, capable of speeds of 870 
kilometres (541 miles) per hour. 

Some of the last propeller-powered combat 
was seen in the Korean War of 1950 to 53, before 
the world fully entered into the jet age. The skies 
of the Cold War became tensely patrolled by 
Soviet MiG-15s, American F-15 fighters and some 
of the fastest planes ever engineered. Then 
specialist vertical takeoff and landing (VTOL) 


Sopwith Pup 

Equipped with a rotary engine and 
weighing only 357kg (78 7b), it 
had a range of over 300km 
(186mi). It was armed with only a 
single Vickers machine gun and 
has a fabric-covered, wooden 
framework. It was nicknamed the 
‘Pup’ as it was smaller than the 
two-seat Sopwith 1.5 Strutter. 


1949 

F-86 Sabre 

First used in 1949, the F-86 
Sabre was used by more than 
20 different nations prior to its 
eventual retirement in 1994, An 
example of a swept-wing, 
transonic jet fighter aircraft, it 
also featured a ‘flying tail’, 
which gave it superb 
manoeuvrability at altitude. 


1916 


2005 


Lockheed Martin 
F-22 Raptor 

The F-22 Raptor is the leading 
stealth tactical fighter aircraft. 
Its F-119 engines are regarded 
as the most advanced ever 
produced. Pilots benefit from 
360-degree awareness when 
flying. Their ability to 
super-cruise at Mach 1.5 
without afterburners makes 
them particularly lethal. 





aircraft were developed for deployments on 
aircraft carriers, while secret stealth and 
surveillance technology was covertly advanced 
to wage the war in the shadows. 

In modern warfare the job of the fighter plane 
is still a crucial element. The new generation of 
computer-assisted jets are capable of more roles 
and simultaneous operations than ever before; 
reducing the risk to the pilot, increasing the 
threat to the enemy and ensuring complete 
dominance of the skies. 
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goud was named the first fuod ace of WWI after shooting dawn five German aircraft 


© Alamy; Thinkstock; Rex Features; EuroFighter/ Geoffrey Lee 








100 years of fighter planes 


=Modern-day tec 


How the new generations of military tech o 
changed the face of aerial warfare Boe’ 








Ever since the Messerschmitt Me 262, nicknamed 
the Swallow, first took flight in World War II, the jet 
age has seen fighter-plane technology soar. One key 
difference between the fighters of today and their 
ancestors is the need for flexibility. While 
warplanes were previously designed for specific 
tasks —-such as fighter bombers, escort, or 
reconnaissance - today’s aircraft are expected to 
perform a range of roles, even simultaneously. For 
example, the Eurofighter Typhoon carries over a 
dozen brackets under its fuselage. This enables it to 
carry any combination of air-to-air or ground-attack 
armament, or extra fuel pods for prolonged sorties, 
fulfilling the potential for every combat role. 

With machines becoming ever faster and 
weapons systems leaving little to no room for error, 
even the lightning reactions of the hardiest flying 
maverick would struggle to last five minutes of air 
combat - that is, without the aid of computer 
technology. Though it goes without saying the role 
of a pilot still demands incredible levels of skill, 
endurance, multitasking and quick reactions under 
pressure, the onboard computer is now an essential 
component of any fighter plane. 

The heads-up display (HUD), iconic from films 
such as Top Gun, was among the most important 
electronic upgrades to the cockpits of fighter jets. 
Itrelays target tracking, sensor, navigation and 
other data direct to the pilot. The HUD computer 
is connected to all the external and internal sensors 
of the aircraft, so it’s able to collate, prioritise and 
even give guidance based on this data. This has 
enabled pilots to quickly engage various threats, 
enact countermeasures and even land safely, all 
while keeping two eyes firmly focused on the 
danger zone. 

Though within the last few decades fighter 
technology has leapt several generations, in step 
with the growing capabilities of computers, the 
principles of assisting pilot operation have 
remained the same. For example, the Human 
Machine Interface (HMI) and Flight Control System 
(FCS) of the Eurofighter accommodates voice input/ 
output controls, Autopilot, Autothrottle and Flight 
Director Modes, all to assist handling. In addition, 
its latest generation of radar is able to identify and 
prioritise threats. With all this, it’s no wonder 
fighter pilots still feel a special bond with these 
incredible machines. 
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Typhoon 
Tranche 3 
Eurofighter 


The technology inside Europe’s £100 million 
fighter will take your breath away 





Reinforced windows - 


Multifunction Information The cockpit windows are NS 
and Distribution System made from super-resistant "a, 
The internal computer system transparent acrylic called ” > 


incorporates all the autonomous 
sub-systems, such as targeting and 
monitoring, and presents them to 
the pilot through multiple cockpit 
and helmet displays. ° 


R6hm 249, shaped to give 
the widest possible view for 
the pilot. 


CAPTOR-E AESA Radar 


Active Electronically Scanned 
Array radar is capable of tracking 
multiple air and surface targets 
simultaneously, providing 
200-degree coverage and 
automatically locking on 

to potential targets. 


Future-proof electronics 
Fibre-optic data buses are built 
into the aircraft to ensure it will 
remain compatible with future 
generations of weapons systems. 


E-Scan radar 


This watchfuleye _ 
doesn’t miss a thing 


Wide view 
The E-Scan Is capable of 
AAeAIRe) Mine manleliaiel(= 
targets simultaneously, 
seldame|gelelarem-lare 
airborne, giving the 
pilot a 200-degree view 
|__ of the battlefield. 


Data link 

As well as its primary 
radar functions, the 
E-Scan keeps pilots in 


fovela jaz eimai /Ma me) al= 
another through Data 
Link capabilities. 





































Multi-role arsenal 
With 13 sockets available, the weapons carriage 
can be equipped to suit any single or multiple 
roles. The latest Typhoon will be capable of 
carrying the Storm Shadow cruise missile. 
' Twin engines 
Two EJ200 power plants 
combine to a total of 18OkKN 
(40,500Ibf) of thrust, but 
are lightweight enough to 
ensure the aircraft can 
reach Mach 2.0. 


Stealth material 
Over 70 per cent of the Typhoon’s 
airframe is made up of carbon- 
fibre composite material, making 
its surface deliberately unstable 
and less visible to radar. 


DECMU 

Each EJ200 is wired to a Digital 
Engine Control and Monitoring Unit 
(DECMU), which tell engineers the 
exact condition of the engine in 
order for them to extend its life 
span and apply enhancements. 


Towed decoy 
As a last resort, a 
decoy can be 
deployed by the 
plane’s defence 
system as 
countermeasure to 
any hostile fire. 


Defensive sensors 

The Defensive Aids Sub-System 
(DASS) automatically monitors, 
prioritises and responds to 
targets and threats from the 
outside world, both in the air 
and on the surface. 


ies Weapons integration 
Fully connected to all the weapons systems, 
“\ the radar can establish and lock on to targets 


without being prompted, leaving the pilot 
free to take instant action if required. 


ANT gikelrelgelelavem-leli (ia 
Some of the air-to-ground 
features include high- 
resolution maps, ground 
moving target identification 
elalem-|[gicebe-i0|ar-l-Me-)alelialeR 


High-res mapping ————__ | 4) 
The E-Scan’s increased range coe ae 
i eal-'-]ai-m*)|(eecmer-lamere)arelloat — 
high-resolution synthetic-aperture 
radar (SAR) scans of the terrain 
alee) mi dLaeleimere)anliale mi ale 
dangerous range with the enemy. 
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= AVIATION HISTORY = 





Discover how warplanes have developed through the ages 


MiG-15 


elelval=imn@lalleya 





Ale)gareie(omei.c: 


UK, Italy, Germany 


Sukhoi Su-30 


Sla 


Supermarine Spitfire 
UK 
1936 


ae Sopwith Triplane 
\ ‘ \ | \ UK a 
[\\ai \ - 1916 = ai 
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Soviet Union 


Yakovlev Yak-1 





Sukhoi Su-27 


Soviet Union 
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Soviet Union 
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WORKS 
MILITARY AIRCRAFT 


100 years of fighter planes 


=Evolution of the fighter plane => 


How the old war dogs of the skies reached new heights in their time 


Almost as soon as we were able to fly, we have 
been inventing new ways to destroy one another 
in the air. Aerial combat has come a long way from 
pilots leaning out of their cockpits and taking 
pot shots at one another with pistols. 

War may be hell, butit has also been ' 
the ideal breeding ground for rapid € 
growth in aviation technology. Certain ) 
milestones stand out that have shaped 
the modern military craft we know today; 
retractable landing gear, enclosed cockpits, 
internal weapons systems, jet engines, ejector 
seats, heads-up displays and more. 

Here, two landmark aircraft show off their | 
innovative features, giving asense of how / 
they took new technology to battle. 


Cockpit 

This housed the pilot, as 
well as the radar interceptor 
officer. To give the crew an 
optimal all-round view, the 
seating was raised higher y 
than the main body. 


rE 
Y 


4 20mm 





Multimode radar 
Located in the nose, the 
Hughes AWG-9 pulse 
Doppler radar was capable 
of tracking 24 targets at the 
same time, while directing 
fire at six of them. 






TARPS 
Tomcats could also be 
fitted with a Tactical 
Airborne Reconnaissance 
Pod System, for monitoring 
enemy ground movement. 


Intelligent wings 
These could be altered 
automatically by up to 20 
degrees, increasing the 
craft’s aerodynamics at 
supersonic speeds. 


Grumman F-14A Tomcat 


A cat with formidable claws - tn the shape of 
sidewinder missiles and cutting-edge avionics 


gun 

A single M61A1 Vulcan 
20mm cannon was 
mounted internally in the 
front fuselage of the plane. 





Tail 
This twin tail gave the plane 
extra stability. The 
butterfly-shaped airbrake 
enabled it to land on 
aircraft carriers more easily. 




































Bombs 
Over six tons of 
bombs could be 
carried on missions 
for ground attacks. 


Air-to-air 
missiles 

The Tomcat could 
pack up to four 
Sidewinder, six 
Sparrow and six 
Phoenix missiles 
for aerial combat. 


Multinational 
Though they were developed 
and built in the USA, most 
Tomcats still in service are 
flown by the Islamic Republic 
of Iran Air Force. 





Engines 
Two Pratt & Whitney 
TF30-P-412s powered 

the Tomcat, pumping 
out 186kN (41,800Ibf). 
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MDOT The SR-72, successor to the SR-71 Blackbird, is under development in an attempt to reach Mach 6 


Messerschmitt Bf 109 ee 


antenna, connected toa 













This scourge of the skies dominated the FuG 167 radio, kept the 
battles over early WWII Europe pilot in communication 
Cockpit with his fellow pilots, as 
Twin machine guns Unlike its successor well as his base. 
Two MG-17 7.9mm guns the 209, the 109’s 
were mounted over the cockpit was found | 
engine, each capable of much farther forward 
delivering over 1,000 of the aircraft. 





rounds per minute. 


ey as 
“ae” Sees 





Built to suit the largest 
possible engine with the 
smallest possible fuselage, 
Messerschmitts were easy 
to construct from just 
three basic components. 


Short range — 

The 109 had a maximum range 
of around 1,000km (621mi), 
giving it reasonable flexibility 
to engage enemy fighters and 
attack medium-distance 
ground targets. 


“War has 
| been the 
ideal breeding 
ground for 





Cannon 
A 30mm cannon could 
also be built into the 
nose, providing even 
more firepower. 









Wing weapons — 
Though original models weren't 
designed with wing armament in 


rapid growth 
Retractable wheels - ind, twi hi . ; . 
Some Messerschmitt variants had built eletheslane’= wings’ ~? | I CJ Vi CJ CI O I} 


retractable landing gears, which response to the heavily armed t F | , n 
made them more aerodynamic. British Spitfires. eC C i O O a L 


The future of Site 
warplanes 


With the increasing use of unmanned drones to target and 
monitor enemy positions and combatants, it has been 
suggested that traditional fighter jets could eventually lose 
any purpose in future warfare. In 2013 the Northrop Grumman V/s 
X-4/B prototype unmanned aircraft was the first of its kind to | 4 aS ES | een 
perform a carrier-launch and recovery, signalling a possible : | i “= sz hk _;_——— 
future of unmanned strike-bomber aircraft. Boeing’s QF-16s - 
retired F-16 jets modified to be controlled remotely - are now 
regularly used for aerial target training. While these pilotless 
jets are used as real-life targets to test missile systems, they 
demonstrate just how accurate remote flight is becoming. 

Both government and industry leaders have admitted that 
future military aircraft will have to be more closely integrated 
with artificial intelligence, even with suggestions that manned 
jets may work alongside pilotless craft. Studies by the Defense 
Advanced Research Projects Agency (DARPA) have revealed 
that drones operate more effectively in packs, prompting 
further research into how drones could work with one another, 
rather than rely solely on human controllers in combat 
scenarios. Even before the fifth generation of fighter jets 
become widely available, including the F-35 Lightning II and 
Shenyang J-31, world governments are already looking at 
cost-effective, as well as cutting-edge solutions for the sixth 
generation of military aeronautics. 







\ The F-35 Lightning I! is 
| currently the fifth- 

generat of fighter 
aircraft for several global 


2 ae ~ 
Air Forces and Navies 
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5 | Rolls-Royce 


Vee-12 engine 
The Spitfire utilised two variant of 
Rolls-Royce engine during its 
production life span, the 27-litre 
Merlin and the 36.7-litre Griffon. 
Arguably the most iconic fighter 
aircraft of World War II, the 6 
RAF Spitfire to this day is | eee ene 
championed for its prowess, a OE ne iors 
grace and versatility 













Propeller - 

Original Spitfires 

had wooden propellers, these 
were later replaced with 
variable-pitch propellers, and 
more blades were added as 
horsepower increased. 
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Airframe - 

The aircraft's airframe was an 
amalgamation ofastreamlined 
semi-single piece of aluminium 
alloy with an enclosed cockpit, 
allowing increased responsiveness 
and ease of flight. 






Gun-emplacement 
The original armament of 
the Spitfire comprised of 
eight 303-inch Browning 
machine guns, each with300 
rounds ofammunition. 








Video still from gun camera aa 
showingthetracers 







MAX SPEED 450mph eance 400 miles cnc 32Ft Lins 


winespan SOFt LLIN armamenr2Omm cannon x4 







































Fully enclosed cockpit - 
The benefits ofa fully enclosed 
cockpit were numerable, most 
notably though itimproved 
the Spitfire’s aerodynamics. 
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Undercarriage 
The Spitfire’s 
undercarriage was 
fully retractable, a 
refinement that was 
not commonplace 
in earlier aircraft. 
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Elliptical wing 
The elliptical wing of the Spitfire 
_ isadefining design characteristic, 

functional to the extreme and 
aesthetically pleasing to the eye. 








Designed in the technologically 
fervent and innovatory melting pot of 

4 World War II, the Supermarine Spitfire 
became the fighter plane ofthe times. With its 
simple lines, elegant frame and superb 
aerodynamics, the Spitfire was to live onin the 
minds of generations during the war and for 
many decades to come. 

The Supermarine Spitfire was the brainchild 
of aeronautical engineer Reginald Mitchell, 
who led a dedicated and talented team of 
designers. Originally planned as a short-range 
air-defence fighter, the Spitfire was built for 
speed and agility, traits that it was to needin 
the explosive dogfights it was to partake in as it 
met enemy fighters and bombers. Building a 
fighter plane, though, is more complex than 
listing desirable traits however, andthe 
Spitfire’s construction is a balleticseries of 
compromises between weight, aerodynamics 
and firepower. 

The frame ofa Spitfire with its elliptical 
wings is one ofits most defining characteristics, 
casting a distinctive silhouette against the sky. 
The ellipse shaping was used to minimise drag 
while having the necessary thickness to 
accommodate the retracted undercarriages 
and the guns required for self defence. Asimple 
compromise that had the resulting benefit of 
having an incredibly individual shape. In 
contrast, the airframe - which was influenced 
by exciting new advances in all metal, 
low-wing plane construction —- was a complex 
and well-balanced amalgamation ofa 
streamlined semi-single piece of aluminium 
alloy anda fully enclosed cockpit. This allowed 
unrivalled responsiveness and ease of flight, 
making the Spitfire a favourite for pilots. 














Inside the Spitfire 


What made this aircraft so spectacular? 


7 
o 






Fuselage 

The fuselage ofthe 
Spitfire was 
constructed from 
toughened aluminium 
alloy, composing 

of 19 individual frames. 


Arguably, the other most defining and 
success-inducing element of the Spitfire was its 
engine, which took on the form of the Rolls- 
Royce Merlin and Griffon engines. Planned bya 
board of directors at Rolls-Royce who realised 
that their current Vee-12 engine was topping 
out at 7oohp and that a more powerful variant 
would be needed, first the Merlin and later the 
Griffon engines were designed. The Merlin at 
first delivered 79o0hp, short of the 1,ooohp goal 
set inits design brief, however this was to 
increase to 975hp ina fewyears. The Griffon 
then built upon the success of the Merlin, 
delivering at the climax ofits advancementa 
whopping 2,035hp. These engines were to 
prove tantamount to the airframe and wing 
designs in the dominance of the Spitfire. 

Despite its origins lying in short-range home 
defence, the Spitfire was to prove so versatile 
and successful that it was quickly adapted fora 
wide variety of military purposes. Many 
variants were created, including designs 
tailored for reconnaissance, bombing runs, 
high-altitude interception and general 
fighter-bomber operations. The most notable 
derivative, however, was the multi-variant 
Seafire, specially designed for operation on 
aircraft carriers with the added ability to 
double-fold its wings for ease of storage. 

Considering the place in history that the 
Spitfire holds - a fighter-bomber aircraft that 
bridged the gap between the age ofthe 
propeller engine to that of the jet-the fact that 
they are still collected (with an average cost of 
£1.4 million) and flown today is unsurprising. 
The Spitfire is a timeless piece of engineering 
that shows some of the most creative and 
advanced efforts in military history. 


Image © DK Images 
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Famed for its prowess and entrenched in Lancasterbombers 


dropped 609,000 tons 


popular culture by The Dam Busters film of som: 
1955, the Lancaster bomber played a vital role . 
in securing an Allied victory in World War II 


Arguably one ofthe most famous 
heavy bombers of World War II, the 

} Avro-built Lancaster bomber 
undertook some of the most dangerous and 
complex missions yet encountered by the RAF. 
Primarily a night bomber but frequently used 
during the day too, the Lancasters under 
Bomber Command flew some 156,000 sorties 
during the war, dropping 609,000 tons of 
bombs. Among these bombs was the famous 
‘bouncing bomb’ designed by British inventor 
Barnes Wallis, a payload that would lead the 
Lancaster to remain famed long after 1945. We 
take a look inside a Avro Lancaster to see what 
made it so successful. 









Crew 
Due toits large size, hefty armament and technical complexity, the Lancaster bomber 
hada crew ofseven. This included: a pilot, flight engineer, navigator, bombaimer, 
wireless operator, mid-upper and rear gunners. Many crew members from Lancasters 
were awarded the Victoria Cross for their heroic actions in battle, anotable example 
being the two awarded after a daring daytime raid on Augsburg, Germany. 


_Inside a 
Lancaster _ 
, bomber _  . 
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- Bomb bay 
The bomb bay could carry a great 
payload. Indeed, the bay was so 
spacious that with a little modification it 
could house the massive Grand Slam 
“earthquake” bomb, a10,o00kg giant 
that when released would reach near 
sonic speeds before penetrating deep 
into the Earth and exploding. 


Turrets — 

As standard the Lancaster bomber was 
fitted with three twin 7.7mm turrets inthe 
nose, rear and upper-middle fuselage. Insome a | ie ee Fuselage . 
later variants of the Lancaster the twin7.7mm Sa he The Lancaster was designed out of the earlier Avro Type 683 
machine guns were replaced with 12.:7mm models, = "73 ee Manchester III bomber, which sported a three-finned tail layout and 
which delivered more power. The rear and upper- was similar in construction. While the overall build remained similar 
middle turrets were staffed permanently by dedicated the tri-fin was removed in favour ofa twin-finned set up instead. This 
gunners, while the nose turret was staffed periodically by "a - is famously one of only asmall number of design alterations made to 
the bomb aimer when caught up ina dogfight. anne the bomber, which was deemed to be just right after its test flights. 
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alte laRer| (ls) a= Slam-dunk Busted Collateral Black label 


While 7.7mm machine guns Lancaster bombers often A selection of bombers /i, Between 1942 and 1945 The lager company Carling 

were standard on Lancaster had their already-large bomb became famous after Lancaster bombers flew used footage of Lancaster 

bombers, selective later bays modified in order to carry Operation Chastise, a mission 156,000 sorties and dropped bombers to create a parody of 
re ee variants were fitted with twin the monumental 10,000 to destroy German dams inthe approximately 609,000 tons The Dam Busters in whicha 
N ber am 12.7mm turrets in both tail and kilogram Grand Slam Ruhr Valley, the inspiration for of bombs on military and German soldier catches the 


VIBE! dorsal positions. “earthquake” bombs. the film The Dam Busters. civilian targets. bouncing bombs. 
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Over 7,000 bombers 
were built 



















Powerplant 
The Lancaster bomber was 
powered by four Rolls-Royce 
Merlin Vi2 engines. These 
were chosen bythe 
Lancaster's chief designer 
Roy Chadwick due to their np ' 6 
reliability, as the incumbent fe 
bomber —-the Avro 
Manchester - had adopted 
the Rolls-Royce Vulture and 
had been troubled by 
engine failure consistentl 
when in service. - 
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Lancaster bomber 


Crew: / 

Length: 21.18m 
Wingspan: 31.09m 
Height: 5.97m 
Weight: 29,000kg ) 


Powerplant: 4 x Rolls-Royce 
Merlin AX V12 engines 


Max speed: 280mph 





That'sareal 





~dani buster ees eee 


—— 


Max range: 3,000 miles 
Max altitude: 8,160m 


Armament: & x ././mm 
Browning machine guns; bomb 
load of 6,300kg 


© John Batchelor /www,johnbatchelor.com 


049 


“The Seg Harrier squadron 
gchieved this due to their 


‘MILITARY AIRCRAFT | high manoeuvrability” 


The Sea Harrier 


Gow It IT 























Sea Haier 


Before being retired in 2006, — 
the Sea Harrier dominated 
the subsonic jet fighter field, 
changing the dynamics 
and operation of the strike 
fighter role forever 


) The British Aerospace Sea Harrier was the purpose-built 
naval variant of the Hawker Siddeley Harrier strike 
J fighter, an aircraft famed for its vertical take-off and 

landing (VTOL) and short take-off and vertical landing (STOVL) 
capabilities. Itworked by adopting the revolutionary single- 
engine thrust vectoring technology of the regular harrier (see 
‘Degrees of power’ boxout) and partnering it with a modified 
fuselage — to allow the installation ofthe superb Blue Fox radar 
system — bubble-style canopy (larger, allowing greater visibility) 
anda significantly improved arms load out. Protection 

These factors, partnered with the aircraft carrier’s ability to Due to the testing marine operating 
launch the aircraft from its ski-jump, allowed the Sea Harrier to conditions, parts of the Sea Harrier 
perform toa high standard at sea, carrying more weight, detecting were changed to use corrosion-resistant 
enemies sooner and taking them down quickly and efficiently. alloys or protective coatings. 
This was demonstrated most vividly during the Falklands War of 
1982, when 28 Sea Harriers operating off British aircraft carriers 
shot down 20 Argentine aircraft in air-to-air combat without 
suffering a single loss. The Sea Harrier squadron achieved this due 
to their high manoeuvrability and tactics while in dogfights — for 
example, braking/changing direction fast by vectoring their 
thrust nozzles while in forward flight -as well as their pilots’ 
superior training and early-warning/detection systems. 


’ Thrust vectoring 

To achieve VTOL capabilities, 

* the Sea Harrier’s engine thrust 
* wasdirected through four 

= vectoring nozzles, which could 
rotate through 98.5 degrees 
from vertically downwards 

to horizontal. 




















Second-generation Sea Harriers 
on board anaircraft carrier in 
-thePersianGulf = - spussess / a—ee 


Two Indian Navy Sea Harriers fly alongside 
a US Navy F/A-18F Super Hornet 





Old boy Post-colonial Taine e) (= Vixen Forgetful 
The Sea Harrier was in | The only other international ) The first ever Sea Harrier The second-generation Sea The second-generation Sea 
service for a total of 28 years, operator of the Sea Harrier @# confirmed as operational ® Harrier, the FA2, featured Harrier was also the first British 


= = os from August 1978 to March is actually India, who use launched off the Invincible class the Blue Vixen radar, the aircraft to be armed with the 
2006. The second- their own FRS51 variant aircraft carrier HMS5 Invincible predecessor that formed US AIM-120 AMRAAM, a fire 
generation Sea Harrier FA2 armed with R550 Magic air- in 1981, a purpose-designed the basis of the system used and forget high-explosive 
was introduced in April 1993. to-air missiles. VTOL/STOL carrier. in the Eurofighter Typhoon. | air-to-air missile, 





















Powerplant Crew - 

The Sea Harrier was fitted The first-generation Sea Harrier FRS1 
with the Rolls-Royce and second-generation FA2 were both 
Pegasus 11 turbofan, an single-seat fighters. However, the T4N 
engine capable of producing and T60 varieties were built with two 
9,750 kilograms of force. This seats as they were used for land-based 
delivered a massive amount pilot conversion training. 


of power, which while not 
taking the jet to supersonic 
speeds did allowit to lift off 
vertically, spreading the 
output over multiple outlets 
positioned over the aircraft. . 


The statistics... 
— Electronics 


Equipped according to generation by 
the Ferranti Blue Fox or Blue Vixen 
radars respectively, the Sea Harrier 
carried at the time some ofthe most 
advanced military radar systemsin 
the world. Itissuggestedbymilitary [j= = 
historians that the Blue Fox radar was Seg Harrier FA2 
one of the key reasons why the Sea 
Harrier performedsosuccessfullyin Crew:1 
the FalklandsWar. Length: 14.2m 


Wingspan: /.6m 
Height: 3.71m 


Max take-off weight: 
11,900kg 


— 4 : lL. . Powerplant: | x Rolls-Royce 





Some Harriers were fitted with 
the AIM-120 AMRAAM missile 








Pegasus turbofan (21,500lbf) 
Max speed: 735mph 
Combat radius: 1,000km 
Max range: 3,500km 

Max service ceiling: 
16,000m 


Guns: 2 x 30mm ADEN cannon 
pods (100 rounds per cannon) 
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| Rockets: 
- Armament = 72sne8 68mmrockets 


As astrike fighter the Sea Harrier was equipped with Missiles: AIM-9 Sidewinder, 
a broadarsenal, ranging fromconventional, —qing jog AMRAAM, R550 Mazic, 
unguided iron bombs - including WE.177 nuclear 
options - to rockets and laser-guided missiles such as 
the AIM-9 Sidewinder. The second generation FA2 
was famously equipped with deadly AIM-120 
AMRAAM air-to-air, fire and forget missiles. 


ALARM anti-radiation missile, 
Martel missile, Sea Eagle 
anti-ship missile 


Cost: $18 million 


9 Si 


The Sea Harrier’s vectoring 


Degrees of power nozzle in aft position 
















Giving the Sea Harrier lift off PRON 
The real showpiece and reason for the to drift backwards. All nozzles were ———-.~— ~ ar eee ¥ 7) 


lengthy success oftheSea Harrierwasits |movedbyaseriesofshaftsand chain 


utilisation of the Harrier’s revolutionary drives, which insured that they operated : 
Pegasus engine partnered with thrust in unison (crucial for maintaining ie 
vectoring nozzles. These nozzles could stability) and the angle and thrust was ¢ 
be rotated by the pilotthrougha98.5 determined in-cockpit by the pilot. : 
degreearc, from the conventional aft This flexibility of control and z 
(horizontal) positioning as standard on placement meant that the Sea Harrier z 
aircraft, to straight down, allowing it to was highly manoeuvrable while in the g 
take off and land vertically as well as air and could be landed and launched 3 
hover, to forward, allowing the Harrier from almost anywhere. g 

lo 
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SeaVixenE 


All-weather jet fighter 


‘It was famed for its ability to 
pass the sound barrier, going 








a 


Sporting one of the most notable post-war 
aircraft designs, the de Havilland Sea Vixen 
was a fearsome all-weather jet fighter, capable 
of taking its pilots supersonic and delivering a 
titanic amount of next-generation firepower 


) The first British fighter to be fitted 
dhe purely with missiles, rockets and 

") bombs-rather than the heavy calibre 
machine guns relied upon in WWI and WWII- 
the Sea Vixen was a first generation jet fighter 
employed by the Fleet Air Arm of the Royal Navy. 
It was famed for its ability to pass the sound 
barrier, going supersonic when ina shallow dive 
(hitting a top speed of 690mph) and saw action in 
multiple missions in the Middle East and Africa 
during the Sixties and Seventies. 

Designed to be deployed from aircraft carriers 
as an all-weather fighter and high-speed 
reconnaissance jet, the Sea Vixen worked by 
partnering the reinforced twin-boom tail layout 
as seen on its predecessors the Sea Vampire and 






Sea Venom, with the colossal power generated by 


twin Rolls-Royce Avon 208 turbojet engines, each 
capable of delivering 7,500lb of thrust. This gave 
the Vixen massive speed, a range of 600 miles - 


the twin-boom layout allowed for more fuel tanks 


-anda flexibility to engage targets at sea, on land 

and in the air, as well as conduct lengthy patrols. 
The armament of the Sea Vixen was 

revolutionary for the time. With six hardpoints 
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(areas that weapons can be mounted on) capable 
of being fitted with a selection of Firestreak 
air-to-air missiles, which sported annular blast 
fragmentation warheads, SNEB rocket pods with 
68 unguided explosive-tipped rockets each, and 
whopping 500-pound air-to-ground bombs. 
Detection of targets was also state-of-the-art, the 
Sea Vixen was fitted with the GEC Al.18 Air 
Interception radar, which gave the jet great 
strategic vision even at night or in particularly 
poor visibility conditions. 

In 2015, only one working Sea Vixen now 
survives in the entire world, whichis maintained 
by Naval Aviation Ltd and operated from 
Yeovilton, Great Britain. After being declassified 
asa military aircraft and entered onto the civil 
register (changing its tag from XP92,4 to G-CVIX), 
the aircraft was used fora time as an advertising 
vehicle for Red Bull but has recently been 
repainted with its original Fleet 
Air Arm 899 NAS colours and now 
flies regularly as part 
of demonstrations and 
air shows across the 
United Kingdom. 


~~ The Red Bull plane repainted 
. in its original livery 


supersonic in a shallow dive 































The Sea Vixen built upon the chassis 
used in the early de Havilland Sea 
Vampire, and featured an all-metal 
construction and swept wings. 


Cockpit 
The pilot’s canopy is offset 
to the left-hand side ofthe 
chassis, while the 
observer is housed to the 
right completely 
ensconced within the 
fuselage, only capable of 
gaining access througha 
flush-fitting top hatch. 
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Disaster 
On 6 September 1952, a 

a prototype Sea Vixen 
disintegrated in mid-air at the 
Farnborough Airshow while 
attempting to break the sound 
barrier, killing 31 people. 


Breaker 


One of the crew killed at the 
Farnborough Airshow was 
John Derry, the first British 
person to exceed the speed 
of sound in a de Havilland 
DH 108 in September 1948. 


Home 


The only remaining Sea Vixen 
capable of flight was kept at 
Bournemouth International 
Airport in Dorset, Britain. 
Until an accident occurred on 
the runway in 2014 





Wtelgetels 


The Sea Vixen was produced 
by the de Havilland company, 
but post merger with the 
Hawker Siddeley aerospace 
group, it was renamed the 
Hawker Siddeley Sea Vixen. 


Vintage 


De Havilland Aviation is a 
company that specialises in 

Flma lee lalems|premacieelnelia(elaliale| 
most military aircraft. You can 
find out more at 
www.dehavillandaviation.com 


















































The Sea Vixen could reach ) Twin-boom The statistics... 
speeds of up to 690mph Another similarity shared 
with the Sea Vampire was 


the Sea Vixen's twin boom 
tail layout, which aided 
strength and rigidity when 
travelling at sub-sonic and 
near sub-sonic speeds. 





Sea Vixen 


Crew: 2 

Length: 16.9m 

Wingspan: 15.5m 

Empty weight: 12,680kq 
Loaded weight: 18,860kg 
Powerplant: 2 x Rolls-Royce 
Avon Mk.208 turbojets 

Max speed: 690mph 
Range: /90mi 

Service ceiling: 14,630m 
Armament: 4 x Matra rocket 
pods with 18 SNEB 68mm 
rockets each, 4 x Red Top 
air-to-air missiles, 2 x 22 /kq 
bombs 


Powerplant 

It was powered by two 
Rolls-Royce Avon 208 turbojet 
engines, each capable of 
producing 7,500 pounds of 
thrust. This massive power 
allowed the jet to go 
supersonicina shallow dive. 













ASea Vixen with Red 
Bull advertising 


— Armament 
The Vixen had six hardpoints upon 
which it could carry a combination 

of Matra rocket pods with18 SNEB 
68mm rockets each, Firestreak 

air-to-air missiles and 227k¢ 
high-explosive bombs. 
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Arecord breaker and for 


over 40 years — can 


anything beat the Lynx? 


)) The Westland Lynx forms the backbone 
of the British Army and Navy helicopter 
forces. Entering military service in 1978, 
it had already set world speed records during 
testing. Introduced asa utility helicopter in 1971, 
the Lynx is a twin gas turbine-powered, two-pilot 
aircraft, with advanced control systems, a 
four-blade, semi-rigid rotor and, thanks to the 
fundamental stability and unrivalled agility ofthe 
basic airframe, it has performed in almost every 
role imaginable. 

From troop transport, armed escort and 
anti-tank warfare with the Army Air Corps, to 
anti-submarine warfare and maritime attack with 
the Fleet Air Arm, andin many similar roles across 
the globe, the Lynx is used by the militaries of over 
a dozen countries worldwide. 

This helicopter is used as an airborne command 
post, a fire support platform, as well as for search 
and rescue, casualty evacuation, plus many 
specialist roles including anti-pirate and border 
patrol. The British Army and Navy also have 
display teams that use the exceptional agility of 
the Lynx to amaze the crowdsat air shows. 

Since its first flight, over four decades ago, the 
Lynx has been continually upgraded and 
developed, ensuring it’s always at the forefront of 
technology, as demonstrated by the most current 
variant, the Super Lynx. Army models kept the 
traditional landing ‘skids’ until only recently, when 
they adopted the tricycle-wheeled undercarriage 
used by the Navy to aid ground handling. 

Improvements in navigation, communication 
and radar systems in Navy derivatives have 
ensured that British helicopter capability at sea is 
world leading, while Army versions have similarly 
demonstrated their ability to evolve with the 
changing requirements of modern wartare. 

The latest variants are excelling on the 
battlefield, using state-of-the-art weapons and 
tactics including night-vision-assisted operations. 
The next generation of Lynx (the Wildcat) is 
currently undergoing flight testing on land and sea, 
ensuring many years of continued service. 
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“Since the first flight the 
Lynx has been continuall 
upgraded and developed 








Central hub - 

Asingle-piece titanium forging, the 
central hub takes all loads imposed by 
flight, as the blades rotate around it. 






Engines - 
Two Rolls-Royce Gem 41-1 turboshafts 

producing 835kW (1,120shp) each spin the 
main rotor through a shared gearbox. 


Pilots in control — 
The two pilots make use of 
the three-axes stabilisation 
system to gaina solid 
weapon launch platform. 


Wheels . 

Unlike other Army Lynxversions, 
the AH.9 hasa Navy-style tricycle 
undercarriage to help with 
ground handling. 


L AH.9 
bortiénurs 


The AH.g variant of the 
Lynx is used exclusively by 
the British Army, primarily 

gs a utility vehicle 


The statistics... 


Westland Lynx AH.g 
Length: 15.2m (50ft) 

Rotor diameter: 12.8m (42ft) 
Height: 3.8m (12.4ftD 

Disc area: 128./m?2 (1,385ft2) 


Empty weight: 
3,291kg (7,255lb) 


Max takeoff weight: 
5,330kg (11,750lb) 


Powerplant: 2 x Rolls-Royce 
Gem 41-1 turboshaft, 835kW 
(1,120shp) each 


Max speed: 324km/h (201lmph) 
Range: 528km (328mi) 


© AgustaWestland 


Unbeatable record? 
The world helicopter speed 
record set by G-LYNX still stands 


over 25 years later. With the latest 
fast rotorcraft moving away from 
eligible designs, G-LYNX’s record 
may never be broken. 


War veteran 
The Lynx has proven capabilities in 
many combat environments, 
including disabling the Argentine 
submarine Santa Fe during the 
Falklands campaign, and sinking 
several lraqgi ships in the Gulf Wars. 


Blow me down 
Naval versions of the Lynx 
have the ability to angle the 
main rotor blades downwards 
to generate negative lift, 
pushing the aircraft onto the 
deck of a ship after landing. 


More speed? 





| An even faster variant of the 
Lynx was proposed but never 
built. It would not have qualified 
for a world speed record, 
though, as it had aeroplane-like 
wings beneath the rotor, 


Super-strong 


The key component in the Lynx 
rotor is a solid titanium hub 
around which everything spins. 
This provides the strength 
needed for both high-speed 
and high-agility manoeuvres. 











_BERP blade tips 

The enlarged tips of the BERP 
blades increase lift and smooth 
transonic turbulence asthe tips 
approach thespeed ofsound. 


- BERP blades 

The advanced composite British 
Experimental Rotor Programme 
(BERP) blades provide huge 
performance and speed gains 
over conventional helicopters. 














————— Low-heat exhaust 
The exhaust diffusers mix the hot 
gases exiting the engines with colder 
ambient air, reducing the infra-red 
signature of the aircraft. 
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- All aboard 
The rear crew compartment can 
accommodate ten fully equipped 
troops, cargo, specialist systems 
and/or extra fuel tanks. 


— —— Weaponry 
This Lynx variant commonly carries 
7.62mm (0.3in) General Purpose 
Machine Guns ora Browning AN/M3M 
.50-calibre heavy machine gun. 


Record breaker 


Fastest chopper in the west... and the rest 


In 1972, just one year after its introduction, the Westland Lynx became the world’s 
fastest helicopter when airframe XX153 set a new world speed record over 15-kilometre 
(9.3-mile) and 25-kilometre (15.5-mile) straight courses by flying at an average 321.7 
kilometres (199.9 miles) per hour. In1978 a heavily modified Russian Mil Mi-24 ‘Hind’ 
increased this to 368.4 kilometres (228.9 miles) per hour. With Westland under 
political and commercial pressure, it was decided that an attempt would be made to 
reclaim the record. Westland re-registered Lynx airframe ZB500 as G-LYNX, and began 
a programme of extensive modification. More powerful Rolls-Royce Gem 60 gas 
turbines were fitted, along with a water-methanol injection system, but the biggest 
performance contribution came from the British Experimental Rotor Programme 
(BERP). On 8 August 1986, these advanced rotor blades carried G-LYNX pilot Trevor 

g Egginton and his flight engineer Derek Clews to the world record speed of 400.9 

© kilometres (249.1 miles) per hour, which still stands to this day. 





t 
The Lynx Mark 3 shares many of the same 
features as the record-holding G-LYNX, such as_ 
BERP blades and Rolls-Royce Gem en giness 
‘ - 
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WESTLAND 
LYNX AH.9 

The Lynx is the smallest 
and lightest aircraft of the 
three in this roundup, 
which allows it to operate 
from small ships. The Lynx 
can carry more troops and 
is far more agile than its 
larger counterparts, but 
has less power so cannot 
carry as high a payload or 
as Many weapons. 





The Seahawk has a huge 
range advantage over its 
competitors - almost 
twice that of the Hind. 
The common parts it 
shares with the other 
aircraft in the Blackhawk 
family make maintenance 
and repair highly cost 
effective. However, it 
cannot operate from 
small ship decks, and Is 
not particularly agile. 





MIL Mi-24 
HIND 

The Hind is heavily 
armoured, heavily armed, 
extremely fast and very 
powerful. It is not used by 
the Navy due to its limited 
range, and its size means it 
is not very agile. Despite 
the variety of fearsome 
weapons that it can carry 
on its hardpoints, the Hind 
has often lacked a reliable 
anti-armour capability. 


© Alex Pang 
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MILITARY AIRCRAFT 


Deployed to support ground troops 
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in the Libyan civil war, the B-1B 
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Lancer packs a powerful payload 
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) The battlefield has changed. Now, more 

| than ever before, the theatre of war isin 
flux, rebuilding itself minute-by-minute, 
breaking down the conventional barriers of 
geography, geometry and time. Weapons systems 
are co-evolving along with defence systems ata 
ferocious rate, fuelled by the continued, perpetual 
rage ofa segregated planet. The relationship 
between organic and inorganic matter is becoming 
fused, co-dependent and augmented, in order to 
generate the versatility demanded when fighting in 
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the 21st Century. Fluidity and reaction speed is now 
paramount, for ifyou have the inability to engage 
immediately on a global scale, the parameters shift 
and the chance dissipates. 

Strategic bombers are positioned at the leading 
edge of this technological and logistical war, built to 
offer the range, payload, durability and speed to 
engage a hostile target quickly and efficiently, no 
matter their location or levels of defence. Installed 
with the most cutting-edge technology and weapons 
systems available these machines excel in 
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delivering their human operator near-omnipresent 
power. They include missiles that can transcend the 
speed of sound three times over, bombs that are 
guided by invisible, omnipresent satellite links to 
their targets, and nuclear warheads over ten times 
the power of that which despoiled Hiroshima. 
Strategic bombers are also capable of remaining 
airborne for days, protected by their insane speed 
and large weapons basket (the range in which they 
can launch weapons ata target without themselves 
being engaged). 


Fortress 


The B-1 Lancer was originally 
conceived in the late-Sixties 
as a supersonic bomber with 
the range and payload to 
replace the famous Boeing 


Father 


| According to Russian 


government sources, it was a 
Tu-160 that dropped the 
‘Father of all bombs’. The 
government commented: ‘all 


lraq 
The B-1 Lancer was one of 
* the most used aircraft during 
the Iraq war. One of its most 
notable missions was an 
unsuccessful attempt to kill 


B-52 Stratofortress. 


that's alive merely evaporates’. 


Saddam Hussein. 


Swan 


Russian pilots train to fly the 
Tu-160 in a Tu-22M aircraft. 
When they quality, they can 
adopt its nickname ‘White 
Swan?’ (due to its white 
finish and manoeuvrability). 


Etymology 
The etymology of ‘bomb’ 
comes from the French 
‘bombe’, which comes from the 
Italian ‘bomba’, which comes 
from the Latin ‘bombus’, which 
stems from Ancient Greek, 








GPS-guided 
Ojatene)aaatspiitecimselelelses! 
guidance systems, 
GPS-guided missiles 
allow targets to be 
engaged accurately. The 
system uses an Inertial 
Navigation System (INS) 
witha link to Earth- 
orbiting satellites that 
relay and feed back 
pelerssia(evetcI Ge tciecicendats 
missile. With GPS 
enabled, JDAM missiles 


Tech of the trade 


How It Works explains the different types of 
technology that bombers use to hit their targets 
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Gravity guided 
Bombs are dropped free-fall, relying on gravity and aircraft 
co-ordinates to strike. Due to their relative inaccuracy, 
gravity-guided bombs tend to be released in clusters to 
maximise the chance ofa successful strike. Dependent on 
aircraft speed and altitude, these bombs can befitted with 
various tails and retarders to speed up/slow down fall time. 


Laser-guided 
Laser-guided systems rely on targets to be 
‘litup’ witha Laser Target Designator (LTD) 
system. Usually ground-based, they involvea 
laser designator being pointed at target. The 
missile’s infrared seeking unit locates the 
designation and adjusts its trajectory. 


AB-1B taking off at the Royal International Air Tattoo. Note 
the firing General Electric Fio1-GE-102 augmented turbofans 


VSS 
B-1B Lancer 
Crew: 4 
Length: 44.5m (146ft) 
Wingspan: 41.8m (137ft 
Height: 10.4m (34ft) 


Loaded weight: 146,000kg 
(326,000lb) 


Powerplant: 4 x general 
electric FIO]-GE-102 
augmented turbofans 


Max speed: Mach 1.25 





(830mph/1,340kmh) 
Sees Range: 11,998km (7,456 miles) 
s The BaiScapable ofbeing pean ean 
» ™-+  refuelled during flight for —- 
Blocanssbsace tiem  Mardpoints: 


9 (6 external, 3 internal) 
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The two current foremost examples of 
these bombers are the US B-1B Lancer 
and the Russian Tupolev Tu-160. These 
were designed concurrently to be 
machines that could, on demand, travel 
long distances quickly, slip under 
early-warning radar and engage military 
targets with smart munitions - bombs 
that could be launched from hundreds or 
thousands of miles out and guided to 
their target by internal inertial 


navigation units and auxiliary 
information delivery systems. These 
strategic bombers, packing gravity, laser 
and GPS-guided munitions (see ‘Tech of 
the trade’ boxout) render anti-aircraft 
gun placements useless, and avoid 
surface-to-air missiles by flying at 
altitudes northwards of 60,000 feet. 
The B-1B Lancer is built arounda 
blended wing body configuration, with 
variable-sweep wings, four turbofan 


engines and triangular fin control 

composite surfaces. Its wings can be 

varied by the pilot between 15 to 67.5 

degrees, with the former being used 

for takeoff and landing as well as 

high-altitude cruising, and the latter 

being used for high subsonicand racking the e 
supersonic flight. Stability is ensured-a ' 
problem due to its large size and 

weight - by triangular fin control canards 

located by the B-1's nose. These are 
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controlled by the Lancer’s Structural Mode Control 
System (SMCS), which automatically rotates the 
canards to counteract turbulence. In addition, to aid 
the minimisation ofits radar cross section (RCS), the 
B-1is installed with serpentine air intake ducts and 
fixed intake ramps. These, while limiting its top 
speedm deflect and shield radar emissions from the 
highly reflective engine compressor blades. This 
technology, in partnership with the use of radar- 
absorbent material in its airframe and skin, grant 
the B-1a RCS 1/soth of that of the equally massive 
B-52 Stratofortress. 

The Tupolev Tu-160, in contrast, is larger and 
heavier than the B-1, however it shares many ofthe 
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Strategic bombers 


Electronics 

In terms of electronics, the160 utilises a 
Obzor-K attack radar in a dielectric 
radome, a Sopka terrain-following 
radar and electro-optical bombsight. 





same features and design choices. First, the aircraft 
sports a blended wing profile with sweep-enabled 
wings that can be swept by the pilot between 20 and 
65 degrees. It is also powered by four Kuznetsov 
NK-321 afterburning turbofan engines, the most 
powerful array fitted to any combat aircraft. These, 
in partnership with variable air intakes, grantita B-1 
topping max speed of Mach 2.05 (1,380mph), 
although its radar signature is larger as aresult. Due 
to its larger size, the 160 also hasa greater weapons 
load capacity than the B-1, with twin internal rotary 
launchers capable of holding and launching 
40,000k¢ of munitions. In addition, nuclear and 
conventional armaments can be carried (see the 
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The world’s largest variable-sweep 
aircraft, the Tu-160 is a supersonic 
strategic missile carrier like no other 


Munitions 


___. TheTu-160 can carry 40,000 


kilograms of munitions, with two 
rotarylauncherscapableofstowing ~~ 
conventional or nuclear missiles. 


—=-_ 


The Tu-160 has the heaviest 
take-off weight ofany combataircraft 


eee = he Tupolev Tu-160 Is larger 
~*LIAPF ond heavier than the B-1 


‘Weapons of war - Tu-160’ boxout) dependent on 
mission parameters. Finally, as with the B-1, the 
Tu-160 is fitted with a probe and drogue in-flight 
refuelling system, allowing it to remain airborne for 
extensive periods. 

Both ofthese aircraft have demonstrated their 
awesome ability since their introduction to the skies, 
with numerous sorties undertaken and many 
notable records broken. Most recently the USAF 
deployed a series of B-1s as part of Operation 
Odyssey Dawn, the international military operation 
in Libya, to prevent Muammar Gaddafi’s forces from 
bombing rebel forces, striking a multitude of 
undisclosed military targets. 


ATu-160 is exhibited rt) them 
general public duringa 
Russian airshow 


Engines 

The four Kuznetsov NK-231 
engines of the16o0are 
ferocious, delivering 
24,948 kilograms of thrust 
each in maximum 
afterburnerconfiguration. 
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MYM KEMP On 10 june, 2010, two Tu-160s carried out a world-record 23-hour non-stop patrol! 
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President of Russia 
Vladimir Putin (above) sits 
in the cockpit of aTu-160 
| The Tu-160 is operated bya crew Acollection of laser-guided bombs connect 
of four, witha pilot, co-pilot, with Raynham island, Queensland, Australia 
weapons systems operator and 
| defensive systems operator on 
board each sortie. 
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Tu-160 = 
Crew: 4 

Length: 54.10m (1/7ft) 

— = _ Wingspan: 55.70m (189ft) 
Height: 13.10m 43ft) 





' Payload must be 








— Loaded weight: 267,600kg = Se Ne | 
(689,950Ib) 14,000 - 28,000Ib - = Can be unmariae 
_,_ Powerplant: 4 x Samara aS Rue nmuplonk . 
| NK-321 turbofans Must Ss off-the-she if | operations 
propulsion, computing - 
cain eaten dni eee and radar technologies 
Wings (1,38O0mph/2,220kmh) 





The Tu-160 features variable 
- geometry wings, with 
sweep selectable from 20 to 





Range: 12,300km (7,643 miles) | 
Max altitude: 15,000m 












© Boeing 












feecrans Taleo omplives (49,200ft) ABoeing-produced render ofa potential design for 
ame dwing sroaie 4 Hardpoints: 4 the 2018 Bomber. Note its stealth-orientated shape 
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he modern 

attack helicopteris 

the complete military machine. 
fattne through the air with titanium blades, 
loaded up with missiles and a cockpit full of 
advanced technology; they are true terrors of the 
sky. Atank’s worst nightmare, the rise of attack 
helicopters has revolutionised the battlefield. 

The idea of rotary wing military aircraft was 
first toyed with during the early years of World 
War II but it wasn’t until1942 that they reached 
prominence. That year the US War Department 
proposed a new idea. It was called ‘organic Army 
aviation’ and, separate from the Air Corps, it was 
tasked with developing helicopters. Various new 
designs, including the revolutionary Sikorsky 
R-4, were created but it took until the Korean 
War for helicopters to really take off. Infantry 
and cargo could now be ferried in and out of 
battle rapidly and invasion forces could engage 
the enemy much more effectively from the air. 
Helicopters were integral to US operations in the 
rough terrain of Korea and by the time of the 
Vietnam War, the iconic Bell UH-1 Iroquois was 
used extensively. The ‘Huey’ usheredin anew 
era of air cavalry, as helicopter weaponry 
became more sophisticated. 

Military helicopters were also designed to 
serve ina purely offensive capacity and the 
attack helicopter was born. Many new gunships 
were constructed as the Cold War escalated. 
These included the American Piasecki H-21 and 
Bell AH-1 Cobra and the Russian Mil Mi-24. In 
1986, the Boeing AH-64 Apache emerged asa 
template that other armed forces tried to 
replicate, and helped bring an end tothe 
dominance of tanks on the battlefield. As more 
breeds of attack helicopter took to the skies, it 
became clear that these versatile vehicles could 
assist the military in many ways. This led to the 
advent of dual and multi-role helicopters. 

In recent years, attack helicopters have been 
equipped with ever more advanced systems that 
have improved efficiency, aerodynamics and 
performance. The array of tech on offer is truly 
astonishing, but there is still room for further 
progress. Join us as we examine what's on offer 
for the future of the world’s best attack choppers. 


YUKA A Chinook is big enough for two Land Rovers to fit inside it 





supply transport. 


with its MK 54 torpedoes. 





“Many new 
gunships were 
constructed 
as the 
Cold War 
escalated” 





The V-280 Valor will attempt to make attack 
helicopters faster and stronger than ever before 
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Attack 

Commonly known as gunships, 
attack helicopters come armed 

| with a multitude of rockets, 

missiles and chain guns. The 

AH-64 Apache specialises in 

disabling tanks. 
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Maulti-role 
State-of-the-art navigation 
and communication systems 
allow helicopters to assist 


B's a hve gs (iy Se a ee eee almost any mission. Their 
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Transport 

Supplies and troops can be 
quickly whisked in and out of 
war zones. A popular design is 
the CH-47 Chinook whichhasa_ §& 
primary role in heavy troop and 
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roles range from observation 
to search and rescue. 





Maritime 

Maritime helicopters 
provide invaluable aerial 
support out at sea. The Si = ~ ‘ 

Sikorsky SH-60 Seahawk : } oo) i con | | . » fag 
takes off from aircraft a im “laid j ae we 
carriers and frigates and : 

can take down submarines ie 








Scout 

Helicopters like the 
| Aérospatiale Gazelle are 
used to investigate unknown 
terrain. They are sent ahead 
of the front line to inspect 
what lies in wait for the 
ground forces. 
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THE TIGER ieypiycrinmodemacriatwarare 


Electronics company SAGEM 


Aheavy-hitting, relentless attack dog, the highly accurate GPS systems, and electronic cupelyaive Dexter ist that 
Airbus Helicopters Tigerhasboththearmament countermeasures. It specialises in anti-tank [acts as a forward looking 
and performance capabilities to dominate the missions but the Tiger's flexibility means that infrared (FLIR) camera and 
battlefield. During the Cold War, it was it can handle a variety of roles. The image asia sialon 
developed in order to respond to any potential below is ofan HAD combat helicopter but 

attacks on Western Europe by the USSR. The other models include the UHT multi-role fire 


subsequent collapse of the Soviet Union meant support, ARH Armed Reconnaissance and 
it never saw active battle service inthatera, but | HAPcombatsupport. It has been deployed 
France and Germany continued to work on the in battle in Afghanistan, Libya and Maliand 





helicopter regardless. Today, the Tiger is fully is currently in service for France, Germany, 
equipped with innovative stealth technology, Spain and Australia. 

Blades Target tracking 

Made from a fibre-composite The roof-mounted sight features a 
construction, the four rotor eS camera, thermal imaging and a laser 
blades are both light and durable. = tracker, and is stabilised by gyroscopes 


for a steady aim during flight. 
























Firing systems 

The gunner has a choice of 

acquiring targets through manual 

sight or automatic tracking. _— 


_——s 
_ 
_— 


Cede 


A modern 
attack 
helicopter 


The Tiger boasts some 
incredible technology that 
strikes fear into its adversaries 









Interface 

Both the pilot and aft-seated 
gunner have a pair of LCD 
displays that provide sensor 
data and are used to interact 
with the Tiger’s systems. 








The Tiger's flat and narrow 
silhouette makes it less 
vulnerable on the battlefield 


Advanced cockpit 


“The fuel tanks The pilot is assisted by an 


automatic flight control system : Cockpit 


Ore self - sealing that lessens the workload during The Tiger’s tandem cockpit 
d , | : long, eacaininians AIghtS:and allows the pilot and the aft-seat 
OFM) CXP OS/ON adverse weather conditions. gunner to switch roles if needed, 


as both have access to the flight 


SUDpressiVe 7 controls and weapon systems. 
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SUK Around 12,000 US helicopters flew in the Vietnam War, totalling 2 million missions and 7.5 million flight hours 





AH-64D 
APACHE 
LONGBOW 


An iconic gunship that’s still 
a capable attack chopper 


The AH-64D Apache Longbow gunship is arguably the most famous 

multi-mission attack helicopter of the modern age. Over the past 19 
| years of service, it has proven itself both combat-ready and reliable 
| in numerous theatres of conflict. 

The AH-64D was upgraded in 2008 to include increased 
digitisation, a joint tactical radio system, enhanced engines and drive 
systems, the capability to control UAVs (unmanned aerial vehicles) 

- which were used extensively in the Iraq and Afghanistan wars - 
along with improved landing gear. Currently, the Apache AH-64D 
Longbow is operated by the US, Egypt, Greece, Israel, Japan, Kuwait, 
the Netherlands, China, Singapore and the United Arab Emirates, 
with many other countries operating older Apache variants. 














Power 


The Tiger is powered by two 960kW turboshaft 
engines. The fuel tanks are self-sealing and 


explosion suppressive when exposed to enemy 
—ess fire or in the event of a crash. 






























1. T700-GE-7O1C engines 5. Cockpit 


The turboshaft engines allow the With room for two, the Apache's 
Fuselage ===} AH-64D Longbow to reach a cockpit allows excellent battlefield 
Kevlar, carbon laminates and cruise speed of 284km/h. visibility with wide viewing angles. 
Nomex make up 80 per cent of 
the airframe, and radar reflective 2. Automatic cannon 6. Composite rotor 
surfaces are kept to a minimum. The 30mm automatic cannon is blades 
capable of firing large, highly A composite four-blade main rotor 
incendiary rounds. allows for increased payload, 
climb rate and cruise speed over 
3. Hellfire missiles earlier variants. 
These laser-guided missiles are 
effective at taking down enemy G Fuselage 
armour and structures. Designed for manoeuvrability and 
stealth, the fuselage is painted in 
4. Explosive rockets camouflaged colours. 
Fast firing /Omm rockets allow 
the Apache to support ground 8. Radar dome 
troops in any assault on enemy This system enables target 
soldiers, strongholds or vehicles. detection from behind obstacles. 










Mistral missiles 
With a 3kg warhead and 
a 6km range, the Tiger 
can cause significant 
air-to-air damage over 
long distances. 


Weaponry 

The Tiger can be fitted 

with different combinations 
of weapons depending on 
the variant, suitable for 
both air-to-ground and 
air-to-air combat. 
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The Bluecopter 


Introducing Airbus’ eco-efficient 
demonstrator - a game-changer that 
could make choppers more stealthy 


Rudder 
The T-tail stabilises the 
vehicle, decreasing the 
tendency for the nose 


Blue Edge ——— 
technology 
he five Bluecopter blades 
acrease noise pollution 
without affecting 
performance. 


Reduced emissions 
CO, emissions and fuel 
consumption are decreased 
by up to 40 and 10 per 
cent respectively. 


to rise up. 


The Bluecopter has allowed Airbus to test 
innovative, eco-friendly technologies 





STEALTH HELIC< 


= Blue Pulse tech 


Tail rotor 
The Fenestron is a tail 
rotor housed in an 
insulated duct to reduce 
drag and noise. 
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The design of the back of the 

helicopter helps make it 
more aerodynamic. 
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One ofa military helicopter’s biggest strengths is 
its manoeuvrability. Being able to take off and 
Ehetc@bomonbie(aelimccoae-bbemmeslenucmbon-venaeneacremleyel 
and hover makes gunships incredibly useful in 
battle. However, this advantage comes ata price 
bale ma etcucielenslome)meal=Bae)ce)m@e)t-\elsc-je)nevenbers 
almost negates any chance ofastealthy 
approach. Helicopter blades are noisy because of 
10) FeTe (cta'(e) a tcp. @belec)e-(amlejen ps) iso me ot-(e em e)t-lol= 
rotates at sucha speed that high amounts of 
turbulence are caused. Huge amounts of air flow 
around the blades as they turnanda 

clo) aleccalaccleclemielancy.at-miseeebalsmantelsinele- bee 
similar to a whirlwind) is formed. As each 

io) NCoyiirabalcmo)tclel-eelacnaenaelersanselicaelai=y.o 
acoustic energy and vibrations are created, 
resulting in the classic chopper sound. It has 
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been a long-standing issue but now various 
technologies are being implemented inan 
attempt to reduce it. 

Airbus’ Bluecopter has a newstyle of rotor 
blade that utilises Blue Edge technology. The 
innovative double-swept design reduces noise 
by four decibels by reducing the surface area of 
the blade that impacts on the vortex. This is 
complemented by Blue Pulse technology, which 
incorporates three flap modules into every 
blade. Directed by a flap rotor control that uses 
tiny electric motors powered by crystals, they 
move at up to 40 times a second, lessening the 
BVI as less pressure is created. This decreases 
the level of noise generated, as well as giving the 
pilot a smoother ride with a significant reduction 
bemecteypemvale)esia le) etce 


TERS 


Active flap rotor control 
reduces the interference of 
the blades with each other, 

Ss reducing noise levels. 


at 
Ae of the Bluecopter’s engines 
Can be temporarily shut down to 

decrease emissions. 





Skids 
A specially made fairing on 
the skids lowers the 
Bluecopter’s drag. 





Another method the Bluecopter is using to 
make it both greener and stealthierisa 
Fenestron. This encases the tail rotor and allows 
id elm oetzrelet-beutcpeemcemor-\u(cmesle)acme)t-lelacmanienlaen-lelors 
more thrust, while reducing drag and vibration. 
On the Bluecopter, stealth technology is usedin 
conjunction with aerodynamic landing skid 
tcUbabetssce-belemcm EarcUuciecle)eeryeeremaelece(sa@ne) 
increase efficiency and decrease emissions. 


“The innovative 
double swept man 
reduces noise B 
to four ose Du Up 








TYPES 


MILITARY 
HELICOPTER MISSIONS 





Powertul, agile and resilient, theTigeristhe , 
chopper of choice in many situations io 


Ground fire support 
Infantry and armoured divisions on 
the ground can rely on the Tiger to 
provide backup. The 30mm gun is 

incredibly accurate and can fire ata 
maximum distance of 2,000m. 





Armed reconnaissance 
Day and night identification sensors 
make the Tiger a highly competent 
reconnaissance unit that can weave 
through tough terrain and also 
engage the enemy if it needs to. 


Ask the expert 


We spoke to Marius Bebesel, programme manager at 
Airbus to explain more about the Bluecopter 


What sort of helicopter is the Blucopter? 
Based on an H135, the Bluecopter technology 


demonstrator is a light, twin-engine helicopter. 


Itis a flying technology test bed, on which 
Airbus Helicopters is able to trial next- 
generation eco-friendly technologies that can 
be applied across Airbus Helicopters’ product 
line. The Blucopter is a unique, one-of-a-kind, 
test aircraft. 


How environmentally friendly and energy 
efficient is it? 

The Bluecopter allowed Airbus Helicopters to 
test performance and fuel management 


technologies (including an ‘eco-mode’, which 
shuts down one of the two engines during 
standard cruise) leading to a ten per cent 
acon eters leyembemael-Jmeevatsiencslelelejapmal-vuevealcane 
achieve a 40 per cent CO, emissions reduction. 
The demonstrator features several design 
measures to reduce the aerodynamic drag of 
the helicopter. This includes fairings for the 
eateboemaelce)menelon-Dalommolcul-belendatca-)caleltcmr-belens| 
saKoaa aime tented le) elave mle itmete-to-bacvelelehimee)alecsele 
The eco-friendly approach is extended even 
to the attractive paint scheme of the helicopter, 
which makes use of the latest water-based 
eycNustmucrelapale) essa larcy 


Amphibious operations 
The Tiger HAD is also a worthy 
adversary at sea. It was designed to 
be able to land on aircraft and its low 
maintenance requirements mean it 
can stay out at sea for long periods. 


Aerial combat 
The twin attack power of a 30mm 
turreted gun and Mistral missiles are 
more than a match for any other 
helicopter. Also on board are 32 chaff 
and flare cartridges. 


Escort 
Mali allowed the Tiger to display its 


easily eliminate threats and guide 
others to safety. 


Anti-tank warfare 
The range of powerful anti-tank 


it the ideal gunship. It can take out 
tanks from a safe distance, firing 
from up to 8,000m away. 


wo 
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Do you have plans for any electric 
helicopters? 

Airbus Helicopters is researching lower 
emissions technology with its compound 


helicopter LifeRCraft and the High Compression 


Engine (using an advanced diesel engine 
hakcgtarelomeva-mmoeae)bel-wce)aeecdetmerc)bcae)e)ecva-) p 
Airbus Group has teamed up with Siemens to 


research electric flight. Itis thought that by 2030 


passenger aircraft below 100 seats could be 
propelled by hybrid propulsion systems. 


Operations in Afghanistan, Libya and 


prowess as an escort chopper. It can 


missiles at the Tiger’s disposal make 
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“Attack Helic 
V-280 Valor 


The innovative new Bell and Lockheed 
Martin design that boasts unrivalled 
ec kapse walt avioad ¢ apabilities 













Tilt-rotor 
The counter-rotating dual 
propellers enable great 

manoeuvrability. 
















Rotor downwash | 
Decreased downwash from the | 
rotor blades makes rope hoist 
operations easier and safer. 





While the Boeing AH-64 Apache and the 
Sikorsky UH-60 Black Hawk are still capable 
gunships, even more advanced updates are on 
the horizon. Both companies are at the forefront 
of future helicopter design and are aiming to 
develop choppers that will boast twice the speed 
and twice the range of the current crop. The two 
aviation giants are currently joining forces to 
create the SB>1 Defiant while Bell and Lockheed 
has its own rival project in the shape of the V-280 
Valor. Both ventures are demonstrator aircraft 
and will act as trial runs to potential future 
helicopter designs under the Future Vertical Lift 
(FVL) project. They will take to the skies for 
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Sensor technology 
Enhanced situational awareness 
systems ensure bombing during 
missions is incredibly precise. 


Se 






VTOL technology 

The advanced tilt-rotor 
technology will allow for vertical 
lift-offs from almost any terrain. 
















Capacity 












Speed and 


The large armoured 
peehas eh fit 14 endurance 
roops an ee The top speed will be 
crew members. over 500km/h witha 
combat range of 


| nearly 1,500km. 






















The innovative techndlogies\used ela) 
the Raider allow itsto réach much 
higher speeds than standardichoppers 


MILITARY HELIC@PTERS: & 
THE NEXT GENERATION “%& 


What does the future have in store for a new class of supercopter? 


testing as part of the US Army’s Joint Multi-Role 
programme in early 2017. FVLincludes five 
all-new helicopters that will replace the current 
designs with a new breed of attack copter. As 
well as having first-class combat capabilities, the 
new helicopters will embrace semi-autonomous 
technology and be flexible enough to serve in 


‘The new helicopters 

will embrace semi- 
gutonomous 
technology © 
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urban security, disaster relief and medical 
evacuation. Each of the aircraft will use a new 
active system that will advise the crew on when 
components in the cockpit need to be replaced, 
while also giving as much assistance as possible 
to the pilot. Compatibility with other vehicles 
will be at the forefront of the new choppers’ 
design. They will be capable of landing on ships 
and being stored on cargo planes. These 
ultra-advanced helicopters are set to bein 
production by 2030 and will serve the US Army, 
Navy, Air Force and Marine Corps. 

As well as attack helicopters, the classic 
Chinook design will also be getting an overhaul. 























































































SB>1 Defiant 


Sikorsky and Boeing’s joint venture could help 
change the face of helicopter technology 





Full of fuel 


The large fuel tanks 
have been designed to 


. hold enough to fuel a 
Coaxial rotors powerful future engine. 


_ The double counter- 
rotating rotors are 
immensely powerful yet 
agile enough to land on 
aircraft carriers. 





Pusher propeller 
The pusher propeller 
will allow top speeds of 
over 450km/h even in 
adverse weather 
conditions. 






wa yf? 
The Block II Chinook programme will see 

Boeing’s iconic twin rotor vehicles undergo a 

modernisation project. They will still utilise the 

same basic design but will be kitted out with an 

assortment of modern technology. All the 

projects are a fascinating glimpse into the future 

and will build on the already cutting-edge best 
technology used in today’s helicopters. While same shaft but rotate 
drones continue their vital role on the frontline ats AEN Ae ee 

of aerial combat, the attack helicopter will once 

again dominate the skies with more advanced 

engineering and weaponry than ever before. 





The Raider’s cockpit can fit two pilots and 
the cabin will have space for six soldiers 

















068 


310)8), @ela 
AIRCRAFT 





Commercial drones 
How drones and unmanned 
aerial vehicles (UAVs) will 
change your life 


How to build a plane 
How many people and 
hours does it take to builda 
passenger jet? 


The Lineage 100 jet 
Flyin the most luxurious 
hotel in the sky for only a few 
million dollars 


Largest passenger jet 
Developing the largest and 
most expensive passenger 
plane in the world 
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Solar-powered aircraft 
Take a close look at the flying 
machines that are fuelled only 
by the Sun 


On board a cargo plane 
Pinpointing what an aircraft 
needs to get the job of carrying 
cargo done 


Boeing 787 Dreamliner 

This new commercial jetliner 
boasts next-gen features that 
showcase the future offlying 


Gliders 

Find out what it is that keeps 
these incredibly advanced 
gliders in the air 




















How next-generation 
airships work 

Climb aboard these ultra-light 
giants fora journey into the 
future of flight 


Hypersonic flight 

Take a look inside the planes 
that will smash the supersonic 
speed records 
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This drone can stream 
/2Q0p video footage 
straight to your phone. 


The Parrot 2.0’s 
processing unit is a 1GHz, 
32-bit A& processor. 


___; a 
care 
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The lightweight 
expanded polypropylene 
body helps the UX5 

weigh just 2.5kg (5.5lb). 


The operator can 
be 5km (3mi) away 

from the UX5 and 
still control it. 


ul 


The Matternet drone can 


The Draganflyer X6 can carry up to 2kg (4lb) of 





carry one of several . medical supplies between If it is flown a of the The Phantom 2 
different imaging devices, ground stations remote control's range, Vision+ is capable of 
including a thermal this drone automatically shooting 1O80p HD 
imaging camera. returns home. video at 30fps. 
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Control methods 


DJce)al=-ger-|ppel-eee)p)ige)|(-1e| 
yin one of two ways; 
either autonomously by 
an on-board computer, 
or remotely by a pilot on 


The first drone 


The first powered UAV was 
the “Aerial Target” invented 
by Archibald Montgomery 
Low in 191/. It was launched 
using compressed air from 


Friendly drones 


3 In Britain, manufacturers 

have suggested painting 
drones in bright colours 
as a way to make them 
appear friendlier and less 


Future swarms 


There are over 4,000 different 
UAVs in circulation on the global 
market and the FAA estimates that 
as many as /,500 small 
commercial drones could be 


Also known as 


The name drone refers to any 
a aircraft without a pilot on board. 


They are also known as 
unmanned aerial vehicles (UAVS), 
remote piloted aircraft (RPA) or 


unpiloted air systems (UAS). 


Drones are being used in air forces 
around the world, but the future is 

~ looking much more varied for the 
remote controlled aircraft. There is a fast- 
growing industry of autonomous flight that can 
both help and entertain the world, from 
rescuing people at sea to recording awe- 
inspiring aerial videos. 

Disaster relief, for example, is a major area 
where drones can make an incredible 
difference. They can fly over the scene of an 
earthquake, nuclear meltdown or bomb site 
and capture high-resolution pictures or video 
to help the team on the ground organisea 
rescue or clean-up mission. Drones such as the 
Trimble UX5 could be of enormous benefit as 
the 2.4-gigahertz modems in the craft and the 
tablet can communicate over a distance of five 
kilometres (3.1 miles), enabling mapping to 
take place with the pilot nowhere near 
potentially dangerous rubble and aftershocks. 

When the Fukushima nuclear power plant 
malfunctioned in March 2011, clean-ups and 
analysis of the radiation was limited due to the 
health risks posed to helicopter pilots. 

Drones such as the Advanced Airborne 
Radiation Monitoring (AARM) system designed 
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operational in US airspace by 2020. 


reminiscent of warzones. 


the back of a lorry. the ground, 





Drones offer a whole new 


perspective on video 


recording and photography 


by Dr James both deep into the 
MacFarlane at the testing stage of 
University of Bristol delivery drones. You 
could put an end to may remember the end 
that. This particular of 2013 when Amazon 
craft is a hexacopter if claimed drones would 
witha gamma 6 4 ee be delivering small 


spectrometer attached, 

which measures the amount 

of radiation being emitted froma 
chosen site. This can be done without a 

human anywhere near the area, so information 
can be received much more quickly and safely. 

One of the most exciting commercial 
applications of drones is aerial photography 
and videoing. In the past, shooting any kind of 
media from the air required the hire of cranes 
or helicopters. Now, however, drone-mounted 
cameras can be bought for as little as £50 (S80), 
enabling amateur photographers and film- 
makers to capture amazing high-definition 
footage for a fraction of the cost. 

Although drones might seem the futuristic 
domain of governments, the military and 
serious enthusiasts, there are a number of 
extremely practical day-to-day applications 
they can be used for. Amazon and DHL are 
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packages within five years. 

Currently the use of drones 
for commercial purposes is 

banned in the United States, but 
Amazon has petitioned the Federal Aviation 
Authority (FAA) to relax their rules to allow 
small drones to carry payloads of 2.3 kilograms 
(five pounds) to customers. This weight, they 
say, makes up 86 per cent of their deliveries 
and would take big, bulky and dangerous 
delivery vehicles off the road. DHL has already 
flown test missions from the German mainland 
to the island of Juist, off its northern coastline. 
Commercial drones are a far cry from their 

headline-grabbing military cousins, but they 
are every bit as exciting, packed with 
fascinating technology and the ability to 
perform tasks that makes our lives, and the 
world, a little bit safer and a whole lot 
more fun. 


The AARM won its inventor, 

Dr James MacFarlane, the 
2014 ERA Foundation 
Entrepreneurs Award 





© Thinkstock 





LIFE-SAVERS = 


Discover the innovative drones designed to rescue those in need 


The agility and efficiency of these incredible 
machines often means they are better equipped 
than humans or other vehicles for humanitarian 
tasks . From transporting aid to spotting 
someone in need, there is a variety of potentially 
life-saving drone aircraft projects that are 
currently in development. 

One such initiative is the LifeLine Response 
app, a personal panic button that will summon 
a drone if you are in distress. If you are 
concerned about your safety, you can simply 
load the app and keep your thumb pressed on 
the screen or set a timer. If you get into trouble, 
you can release your thumb or fail to deactivate 
the timer, and the police will be calledanda 
drone deployed to your location using GPS. 


High-intensity LED lights aid 
navigation in the dark and 
can be remotely controlled 
by the operator. 


Draganflyer X6 


The main components of a 
life-saving drone 


The lithium polymer battery 
can keep the drone in the air 
for approximately 20-25 

minutes between charges. 


335g 


Eb @ orci lela | 
weight 
a 


The quick-release payload 
system makes it easy to 
swap over cameras or other 
equipment in a hurry. 
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The idea is that the drone, which can travel at 
97 kilometres (60 miles) per hour, will be able to 
scare off an attacker by sounding an alarm, 
follow them if they flee the scene, and collect 
information from the area before the police 
arrive. It is hoped the system could be used in 
cities across the world, with dozens of drones 
stationed at each law-enforcement 
headquarters waiting to spring into action. 

Another concept, developed by Dutch 
engineering student Alec Momont, involves 
‘ambulance drones’ quickly delivering 
defibrillators to heart-attack victims. The 
drone would be able to transport the 
equipment within minutes, and then the 
operator can use two-way video supported 
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The carbon fibre propellers help the 
drone climb to a maximum altitude of 
2,438m (8,000ft) at 2m/s (6.5ft/s). 


communication to instruct a nearby helper to 
use it. 

While some life-saving drones are stilla 
work in progress, others are already being put 
to work. For example, Draganflyer drones are 
being used to provide a unique high-resolution 
view of disaster zones and crash sites to help 
teams on the ground locate victims, organise 
rescue missions and document the scene. 

Draganflyer makes several different models 
of drone suited to both hobbyist and 
professional applications. These come witha 
choice of camera, including a GoPro and 
thermal-imaging camera, and are flown using 
a handheld controller, but you will need some 
training in order to operate one. 


11 different on-board sensors 
constantly monitor the 
altitude of the aircraft and 
send data to the controller. 


a” 


The carbon-fibre airframe can 
be folded down to just 16cm 
(6.25in) wide when not in use. 


SF 
t 







Each boom contains two quiet 
yet powerful brushless motors 
that control the propellers and 
create just 72db of sound. 
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Getting help tothoseintroubleout above the water and be guided by 





at sea is especially difficult and GPS, Pars can also carry and drop 
slow, particularly in adverse life preservers to where they are 
weather conditions. Iranian needed. Although it is not able to 
company RTS Lab hopes drones pull people to safety, it can provide 
can solve this, as itis currently initial aid before the lifeguard 
developing a new lifeguard robot arrives and monitor the situation 


called Pars. Afterhearingaboutthe byrecording photos and video. A 
huge number of peoplethat drown __ prototype has already been tested, 
in the Caspian Sea each year, RTS and was able to reacha target 75 
Lab decided to create a multirotor metres (246 feet) out to sea in just 22 
drone that could help save human seconds, while a human lifeguard 
lives. As well as being able to fly took over a minute. 








~ Future versions of theo — = 
-drone.could:carry Up tO 
15 self-inflating life sy 


preservers.ata time: =_—— 








DELIVERING AID 





In many developing countries, rural roads 
become inaccessible during the rainy 
season, making It very difficult to transport 
much-needed medicine to those in need. 
Matternet - a network for transporting 
matter - aims to provide the solution. The 
plan involves autonomous drones, carrying 
up to two kilograms (4.4 pounds) of medical 
supplies, flying between several ground 
stations. These stations would allow the 
drones to collect or drop off their payload as 
well as swap batteries so they can keep 
flying for longer. The drones will use GPS 





and other sensors to navigate and an | | The Matternet system has 
operating system would make sure they | 10km already been tested in Haiti, 
avoid adverse weather conditions and do Max distance Dominican Republic, Bhutan 


not collide with each other. per charge — and Papua New Guinea 
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The drones offering film-makers a 
whole new perspective 


Drones such as the Parrot ARand 
the DJI Phantom 2 Vision+ have 
added a thrilling new dimension 
to personal photography and 
filmmaking. These clever gadgets 
are becoming more and more 
affordable for amateurs looking to 
capture Hollywood-style footage 
from unique angles. A Parrot AR. 
Drone, for example, will only set 
you back around £320 ($300) and 
has a built-in camera that can 
shoot 720-pixel high-definition 
video. It generates its own Wi-Fi 
hotspot so you can control it from 
up to 50 metres (165 feet) away via 
an app on your smartphone or 
tablet. The app also shows alive 
stream of the video being captured 
and lets you change its direction by 
simple tilting your device. It can 
even perform impressive flips in 
mid-air, and you can program 
automatic movements to compose 
your film like a professional 
director. If you do happen to crash 
the drone while filming a daring 
action sequence, then you can 
have a go at repairing it yourselfas 
all of the parts and instructions are 
available online. Due to the 
relatively recent advancement of 
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commercial drone technology, 
many countries are still 
developing laws regarding their 
use in public spaces. In the United 
States, the Federal Aviation 
Administration currently limits 
drones to be flown below 122 
metres (400 feet), away from 
airports and air traffic, and within 
sight of the operator. 

Using drones in a professional 
capacity requires a certificate of 
approval from the FAA, butit has 
recently granted six movie and 
television production companies 
permission to use drones on their 
sets. Some big blockbusters, such 
as Skyfall and the Harry Potter 
movies, have already been shot 
using unmanned drones for aerial 
footage, but filming took place in 
countries where this was allowed. 

We are already seeing more and 
more drone-shot sequences on the 
big screen. Not only is this great 
news for us cinemagoers, as we 
will be treated to more creative 
camera angles, but it will also save 
the production companies a lot of 
money on helicopter and crane 
bills as they try to get above the 
action while filming. 


Battery 

The drone is powered by 
a 1,000mAh 11.1V lithium 
polymer battery. It only 
lasts 12 minutes, taking 
90 to charge. 


420g 






AR.Drone 
teardown 


The incredible Parrot AR. 
Drone 2.0, bit by bit 


Max weight 
















Motors 

When accelerating, the 
motors that turn the 
propellers rotate at 
41,400rpm, dropping to 
28,000rpm when Hevening 
in place. 


L 













Propellers 
The propellers won a 
design competition run 
by the French Army. 
They can spin either 
clockwise or anti- 
clockwise depending 
on their position. 





LONGEST DRONE FLIGHT 


The solar-powered Zephyr drone developed by UK firm QinetiQ 


flew for 14 days and 22 minutes in 2010, breaking the world 
record for the longest drone flight. 





VIDEO STREAMING 





EVERYDAY FUN 











Hull 
The hull is attached to the 
body by a pair of magnets. 
This protects the electronics. 


| . “Ay 
~ Sf Ny Central cross 
. Made from rigid yet 


BEGINNERS 












lightweight carbon fibre, 
the central cross contains 
wires that control and STUNTS 
provide power to the 
four motors. 







Camera 

The HD camera shoots 
30fps at 720p, 
streaming it directly to 
your mobile phone. 


Ultrasound altimeter 
The ultrasound altimeter judges 





Gyroscope how high it is by the time it 
The Invensense IDG 500 takes ultrasound waves to 
gyroscope is an advanced sensor return from the ground. 


that separates the X and Y-axes 
to quickly determine its position. 
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From concept to check-in, discover how passenger jets 
roll off the production line and take to the sky 


Design and testing 


Before building can begin, the aircraft 
must first be designed in great detail. 
Thousands of engineers across the world 
often work together to design one plane, 


and it can take several years to get it right. 


When designing an aircraft, there are 
four main areas to consider. First it must 
be aerodynamic, so that air flows around 
it with as little resistance as possible. To 
test this, engineers create computer 
simulations ofthe plane and examine 
how airflow and pressure will affect the 
body and wings when it is in flight. They 
then build ascale model of the aircraft 
and place it ina wind tunnel, where air is 
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Computer 
simulations help 
feyale|latsts)ecmotsl =m ale) 
Flimatelvccmelaelelare 
an aircraft 


blown towards it at varying speeds in 
order to test its flight performance. 

Next they must design the engines, 
making sure they are powerful enough to 
keep the aircraft in the air, fuel efficient to 
minimise running costs and pollution, 
and not too noisy. The way the plane 
handles in the air must also be 
considered, and so flight simulators are 
used to ensure it is easy and safe for the 
pilot to fly. 

Finally, engineers determine what 
material to build the aircraft from, 
considering strength, weight, durability 
and cost, and how exactly it will be built. 


Wind tunnels are used to 
test the aerodynamics of 
aircraft models 








Making the parts 


Aplane is made up of millions of different parts, painting, so it takes teams from all over the world 
from the enormous fuselage shell to the tiny to make the finished product. Coordinating the 
rivets that hold ittogether.Manyaremadebythe — productionofaplaneisa task in itself, as 

aircraft manufacturer itself, while others, everything has to be made toa tight schedule and 
including the engines and landing gear, are then transported to where it is needed for 


produced by external contractors.Ahugenumber assembly. Plus, each part has to undergo rigorous 
of different skills are required to buildanaircraft, testing to ensure it functions properly and is safe 
from mechanics and electronics, toplumbingand _touseinthe final aircraft. 
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How do jet engines work? The machines that turn fuel into thrust 
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Compressor 

The air is then squeezed into a 

smaller area, slowing it down 
= and increasing its pressure. 













< : 50% 
Combustion “Se Composites 
chamber e Layers of carbon fibre 
Fuel mixes with the air and ae bound together 
is then ignited, giving off with a polymer resin 
hot exhaust gases. to make the main 
. body of the aircraft. 





Exhaust 
nozzle 
As the gases exit 























Turbine the engine, they a e 

The gases rush past a are accelératad to Enormous ovens are used 
Fan set of turbine blades, over twice the _fo Harden the composite 
The big spinning fan at the causing them to spin speed of the | material eau aircraft 
front of the engine sucks and drive the incoming air to 


in large volumes of air. compressor and fan. create thrust. 





Ww to build a plane 





© Planes are assembled in 
| huge aircraft hangars by — 
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The final 
assembly 


Putting together an enormous passenger jet 
requires an even more enormous building to do it 
in. Aircraft hangars are some of the largest 
buildings in the world, and are able to house 
several aircraft at once as they are passed from 
team to team along the assembly line. 

First though, all the parts need to get there, and 
this is done by road, river and even air. Cargo 
aircraft such as the Airbus Beluga and Boeing 
Dreamlifter, are designed specifically to transport 
large pieces of aircraft to the final assembly point. 

The individual pieces of the fuselage are 
fastened together using thousands of rivets, then 
the electrical and hydraulicsystems, plumbing 
and insulation are installed. Next the wings are 
connected, using laser alignment to ensure they 
are perfectly level, and the landing gear is fitted 
underneath. This is followed by the tail, vertical 
stabilisers and an auxiliary power unit, which 
provides power to the aircraft when the engines 
are turned off. The cabin and cockpit interiors are 
then added, complete with seats and toilets. 

Last of all, the engines are installed, as these 
are the most expensive component of the aircraft, 
representing over a third ofits total value. Once 
assembly is complete, the plane is painted - this 
can take up to a week, depending on its size. 


Giant cranes lift the parts of 
the fuselage in place, ready 
to be connected’ 


Aircraft slowly move along 
‘the assembly line as new 
-parts are added 
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The engines are fitted last, as bi: 
they are the mast exDens va ei 
sy-]ame)i the aircraft , 
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STEP 4: 
In-flight testing 


If the aircraft is a new design, then the first few 
planes to roll off the assembly line undergo 
extensive prototype testing. This involves fitting 
them witha variety of sensors, and flying in 
extreme conditions, suchas very hot and cold 
el bbeatctdcrcesbelemacr-UOnimevesem-biatnelelcr-mm Metcmbeloparacoleret| 
elements of the aircraft are also tested, as the 
wings are forcibly bent to evaluate their strength, 
and dead birds are fired into the engines to see 
how they would cope witha bird strike. 
sKon-sets}bea=mdelem oyt-bal-mercbemnginatciectelomesl-e-jmactccne)i 
multiple take-offs and landings, computer- 
operated hydraulic jacks place heavy loads on the 
Dba es beatemie)m=>.qns)alelslomel-veleletcneymabect=mcnelomael= 
Jo) EcDalemeatehacatce)omelemciile)(aleccremaok-Danntletclmbrdolmeneery 
strikes to see how it performs inastorm. Once the 
first few planes have been rigorously tested, all 
successive aircraft are taken on their own test 
Jibf4 ahasMol=vioya=ma el=yia-VacMel=l-veel-lee-Sbaevadahve-berel 
delivered to airlines around the world. 


Ready for take-off! 
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the Linea 
1000 ) 


AW iUD:cbbale)blsweleceemaeloes) 
yours for a few million dollars 


just rows ofseating and the Lineage 

De elelep devel ib(e(--e-8-)ele)/)(-) @aeleyenme- me elele)(= 
bed, alounge and an office, a barand almost 
everything else you need inaspace thatis three 
times larger than traditional business jets. It can 
seat up to19 people in upper class comfort and 
the interior has been built to include five privacy 
areas, Wi-Fiand real-time flight displays, all 
thanks to the larger space and innovative 
interior design. On top of this the turbofan 
engine technology and fuselage interior design 
ensure low noise for passengers. 

Safety has not beenignored and the pilot hasa 
CMC (central maintenance computer) at hand to 
predict potential problems and offer solutions, 
plus an enhanced vision system to improve 


, ™ The best private jets offer more than 


| 


© Image courtesy of Embraer 
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‘It can seat up to 1g 


people in upper class 
comfort” 


Filthy-rich airlines, youare 
clear for take off 


Oe Mp 
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4. Catch up 

Multiple large displays offer 
S)glcclarsveeveelslelmmaalcciaalcimsbale| 
other facilities which will 
keep you busy no matter 
how long the flightis. 





awareness at all times. Many of the systems are 
integrated into the jet itself, rather than added 
on, which reduces weight and other design 
enhancements increase approach steepness 
which is ideal for landing in smaller airports. 

O)alcko)maalacionssalatcbalec)oals)alecp ices) satsbam sacelele 
which willsense airspeed, trim and altitude to 
ensure the most accurate positioning at all times. 
To sum up, the Lineage 1000 offers the ultimate 
flying experience thanks to the designers 
pushing the envelope in every single area of the 
design process. 


i 


6. Preparing food 

The galley areais where food and drinks 
will be prepared. It can be sealed off from 
delsBascimeladelstesleneecorstpale]miepauinel 
daleecbeale)iclalacm 





5. Need a restaurant? 
The dining area is the perfect 
NCW AOL eleAtelev@lecditedeimencc! p 
whichis highly unlikely to be 
served on plastic trays. 
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8. The serious stuff 
tats) (e(emaalenmelelqe)im-tactsre) nels 

seriously clever systems designed What the oppositeto 


toaidsafety and ensure the least 


. : : economy class lookslike! 
(obtsjqee)elejegelercscile)len 




















1. Falcon 7X 


The Falcon 7A offers a 
mere 39-foot long 
cabin,but the advanced 
| environmental systems 
s still make for a very 


n————___ee >HAsanit journey. 


fm 3. Embraer 

RS Lineage 1000 

Sel With a cabin length of 84 feet 
mm the Lineage 1OO0 Is easily the 

me Most luxurious thanks to the 

® comfort and individualism 

offered in every corner. 


2. Guifstream 
G650 





The Gulfstream is designed 
== to offer flexible comfort and 
succeeds, and at 53 feet 

= offers great scope for 
individual cabin design. 


= 













Know 
your jets 





mugs 
airborne 
oe 

























— Class: V vu 

| Passengers: 4-8 

wa y The VLJ (very light jet) is often used as 
1. Stay awake | 

The 84 foot long cabin offers a huge = 7. More than a wardrobe vvencuume 
amount of space, which can be The 351 cubic feet walk-in baggage compartment 

ele) abareabbacreBbelcontccba elit lets you take your entire wardrobe with you and 
private areas for there's still room foryour other luxuries. 
maximum 
comfort. 





- 3. Freshen up 

Afully equipped luxurious bathroom will 

help youarrive at your destination freshas 
a daisy and the fittings rival the best hotels. Class: Light jets 
Passengers: 5-9 

No better place to join the Light jets are similar to VLJs in their 
mile high club. target market, but are faster and offer 
some extra luxuries for quick journeys. 






2. Get some sleep 
Adouble bed will ensure you 
catch up onthe sleep you 
need or you can just lie back 
and enjoy the large display on j i id 
thewall. | “ 4 2 ae . << Class: Mid-size jets 
: i Bo : Passengers: Up to 18 
Mid-size jets typically carry 3-12 people, 
but some can accommodate 18 people 
for short flights. 


Class: Super mid-size jets 
Passengers: Up to 19 

These jets are designed to offer luxury 
for transatlantic flights and give more 
9. The power 7 cabin space and luxuries. 

The turbofan engines ensure és zs 

the quietestand smoothest - 
possible flight and also offera The statistics... 
longer range than many 


other private jets. —_ Lineage 1000 


Manufacturer: Embraer 


















Class: Heavy jet . 
First flight: 26 October 2007 Class: Large size jets 

arr Passengers: Up to 19 
Wingspan: 28./2m Large size jets are designed for longer 


Know your engines ‘ ja>. an Length: 36.24m distances and New York to Tokyo is quite 
|e. | = —_ : s0ssible with high levels of comfort. 

| SS —————s4 Height (outside): 10.28m a ee 
Jet engines are almost universally used to power private _ : , Cabin heights 2 | - 
jets and passenger aircraft, but there are some significant XX | 
differences between the type used on each. Private jets often 
use high-bypass turbofans, which are very quiet and offer 
enhanced fuel efficiency plus excellent thrust to ensure better 55. 000kq 
performance. These engines are usually placed below the WINE to _ | Man specd/erulae apesd: 40 
reduce drag and turbulence, particularly during take off, which is crucial for a small knots/469 knots Class: Heavy jets 
passenger plane. Tests have proved that turbofan engines are highly reliable and that most Propulsion: GE CF34-10E Passengers: 100s 
pilots should never suffer an engine incident in their entire career. The Gulfstream G550 is one Kurbokans oe) Heavy jets range in size and can be 


; : eee privately hired. The Lineage 1000 js in this 
example which is powered by twin Rolls-Royce turbofans. Ceiling: 12,497km class, but is small compared to some. 


Cabin volume: 115.7m° 
Cabin area: 68.85m 
Weight max payload: 


va wa 


a 
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The Airbus A380 is greener 
and quieter than many 
other passenger jets 


Thrust reversers 
\Mojors|u-eme)emual-einlal-analesi 
engines, these slow down the 
aircraft to assist the brakes 
when landing on a wet runway. | 





Boarding the A380 


The incredible technology 
inside this sky giant 
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Lightweight materials 

The majority of the wings and fuselage 
are made from aluminium alloys, but 25 
per cent of the structural weight is 


composite materials. | 
| P » d f 7 


OF] s]iamerelanicel at 

220 cabin windows provide 
plenty of natural light and the 
cabin air is recycled every two 
minutes for a fresh atmosphere. | 
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Crew bunks 
O/amlelalemilie|aie-pmaat-me)|(e)a-e-lale 
crew can get some rest in 


bunks located below the lower 
‘e(sle1,@e) am elcialialemaalcmerele.¢e)1m 





The world’s : 
largest passenger jet 





How does the enormous double-decker Airbus A380 get off the ground? 


Ferrying travellers all over the globeis 
an expensive business for the world’s 

~ airlines,soit makes sense that they 
would want to pack as many passengers as 
possible onto each aircraft, reducing the number 
of flights they need to make. Thanks to its 
double-decker design, the Airbus A380 is capable 
of carrying up to 853 passengers at a time, ifitisin 
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asingle-class cabin configuration. That’s over 150 
more than the aircraft's competitor, the Boeing 
747-8. Most A38os, however, feature four separate 
classes, with economy and premium economy on 
the lower deck and the more spacious business 
and first class upstairs, which reduces the 
passenger number to 544. This is still a 40 per cent 
increase on the 747-8’s four-class capacity. 


As wellas being the largest passenger jet, the 
A380 is one of the quietest, with dampeners 
reducing engine noise to halfthat of other jets. It 
is also more environmentally friendly, because it 
needs to take fewer flights to deliver the same 
amount of passengers, and the fuel-efficient 
engines are claimed to give off 22 per cent fewer 
CO, emissions than the jet’s closest competitor. 
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Stag 4étee 





A Upper deck 
Business and first class y 
have room for full-flat beds, A 


as well as bars and lounge : 
areas for socialising. 
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Lower deck 

The economy seats area 
ele) pa\acomesipidiaalcieagsmtyie( sm 
Wi idem pale) acm alct=le/aele)nalrel are 
personal overhead storage. 


Powerful braking 
Pistons inside each wheel 
apply powerful pressure to 
stop them from turning, 
bringing the aircraft to a halt. 


VACUA Quay 


Be Taleliateme (stele 

Two sets of landing wheels help 
to spread the weight of the 
elale]aaalelet=we||peig-)a@e)amaalome|aelelalep 


putting less stress on the runway. 


Efficient engines 

The four-jet engines are designed 
to be incredibly fuel-efficient, 
burning 22 per cent less fuel per 
seat than the nearest competitor. 


Building an aircraft of this enormous size does 
present a few problems, though. Many airlines 
have had to modify their aircraft hangars to 
accommodate the increased height and 
wingspan of the A380, and some airports just 
don’t have enough space for them to park. Also, to 
speed up the process of boarding and offloading 
sucha large number of passengers, two 





gangways from the aircraft to the terminal 
building are needed -a set-up that only certain 
airports are capable of. 

Asaresult, the A380 can usually be found 
travelling to and from the world's biggest 
international airports, making the most ofits 
15,200-kilometre range to deliver passengers to 
far-flung destinations in style. 





Two staircases provide access to the 
aircraft’s upper and lower decks 


© Airbus; Getty 
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solar Imy pulse 2,W ith 10) a5: aria ngs coverea wlth 





Its panels 
Jet-\i(om ol=t=) am bene) aot, ved 1 to become 50 per cent 
more efficient then their predecessors. It can fly 
for 1 ateyes Sanda lts engine pr Nuces 2° 
fan ATT ie IF lateli Servi ay iT 5 | { 
‘he main question wi | 
T atsit hai I t Tal 7 
We have heard a lot about solar panels converting 
sunlight to energy, but how does that process 
actually work? Inside a solar panel is a number of 
silicon cells, placed on top of each other. One of 
the silicon atoms has all its electrons, while 
the one beneath it has a few missing. In 
order to restore the balance, the full — = 
silicon atom transfers electrons to 2» 9.2 
the one below, but it needs light a 
to trigger the process. Once the 
sunlight hits the panel, 
electrons are transferred from 
one silicon cell to the other, 
thus creating an electric current 
that powers a load. 








Poeopg 


Fo 
cfr 


Pf of oe 













Despite the massive 
wingspan, the Solar 
Impulse weighs about the 
Same as two small cars 
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SOLARIMPULSE 









Close up power 

ESA’s Solar Orbiter will be getting a ridiculous 
boost of solar energy when it takes off in 2017 as 
its mission is to get closer to the Sun than any 
probe has before, in order to take incredible 
pictures of the star. With its 3.1-metre x 2.4-metre 
(10.2-foot x 7.9-foot) sunshield, this craft will 
travel just 42 million kilometres (26 million miles) 
away from the Sun to take high-resolution images 
and perform experiments. It has been rigorously 
tested, as it will experience temperatures ranging 
from 520 degrees Celsius (968 degrees 
Fahrenheit) to -1/0 degrees Celsius (-274 degrees 
Fahrenheit). Its aim is to help scientists lean more 
about the inner heliosphere and how solar activity 
affects it, answering questions about solar winds, 
coronal magnetic fields and solar eruptions. 








Cargo planes 





On board a cargo plane 


How do freight aircraft differ from passenger planes, enabling 
them to transport much greater loads all over the planet? 


private, military or commercial 

sphere - are fixed-wing vehicles that 
have usually been designed with haulage in 
aenbeleme) matchi;-molcl-sem@event(-ar-emaaesenucjr-beler-vael 
aircraft. Passenger planes commonly havea 
sy oexes ecb btyaxe Mele) (omuat-lme-bobcine)ace-baelebele mL vekable) (a 
‘metres (over 5,000 cubic feet) of freight, found 
on the underside of the craft. Dedicated freight 
planes don’t need the seats or any of the other 
amenities on commercial al flights - that said, 
Vee pce 2n 2) amou nts dat 
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) »® Cargo planes - whether used in the 
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Lightening the load 


Depending on the type of cargo being carried (very 
large items or military vehicles may be exceptions), 


many cargo planes will use ULDs, or unit load 


devices. These allow the crew to prepackage cargo 
into single units that can more easily be loaded into 


the hold prior to the flight, saving a great deal of 
time. It’s a similar system to that used In shipping, 
maximising the space used at the same time and, 
thus, increasing efficiency (and profits). The ULDs 
themselves are either robust and lightweight 
aluminium pallets or aluminium-floored containers 
with toughened plastic walls. The containers are 
sometimes converted into self-contained 
refrigeration units to store perishable goods. 
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electronic rollers that allow prepackaged 
pallets to be rolled back as far as possible, 
without the need fora forklift. Large cargo bay 
doors are installed to fit bigger items through 
and, insome examples, like the Boeing 747-400, 
the nose lifts up to allow particularly large 
items to pass down the body of the plane. With 
the demands ofair freight ever increasing, 
aircraft with huge cargo capacities like the 
Airbus A300- -600 Poleyel-iau Be-uetsjole) ancsa Else 
known: as s the Beluga), are 
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to efficiently and safely transport its mighty 
Koysle bars oibpenlelcymesa-letchoreslalovatcmeeleicimelcmeetsle(enne 
the overall avian design. For example, the 
wings and tail are built high to allow the freight 
to sit near the ground and to facilitate loading; 
the fuselage is much bigger; and -similar to 
heavy goods vehicles — cargo planes typically 
featurea larger number of wheels to support 


their weight on landing. 
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Vehicle ramp 
Large aircraft (like 
Lockheed’s C-5 Galaxy) are 
quite capable of carrying 

several light vehicles which 
can be driven on via ramps. 





WORLD’S BIGGEST CARGO PLANE 


This title goes to Russia’s Antonov An-225 Mriya. It hasa 
wingspan roughly the length of a football pitch, can carry four 
tanks in its cavernous hold and has space for up to 80 cars. 





Lockheed Martin's C-5 Galaxy has 12 
internal wing tanks with a total 
capacity of 194,3701 of fuel 














Cockpit 

Military cargo planes 
are usually manned by 
several crew including 
the commander, pilot 
and loadmasters. 


© Thinkstock 
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This new j jetliner promises to transform the commercial aiflir 
ificantly improved fuel economy and.a ho st 


industry, boasting sign 
te take a closer look... 


of next-gen features. 
) Atfirst glance the Boeing 787 Dreamliner 
wpe appears to be nothing special. Anew 

| mid-sized jetliner that through its 
conventional design, standard power output and 
modest maximum range seems to, for the most part, 
blend in with the crowd. Just another commercial 
passenger jet introduced to a market hit severely by 
the worldwide recession. A multimillion pound 
piece of technology that changes nothing. Butifyou 
believe that, then you couldn't be more wrong... 

That is because, as iscommon with most 
groundbreaking new technologies and ideas, the 
devil isin the details. Indeed, the Boeing 787 is 
arguably a slice of the future today, both literally (its 
service life is predicted to extend up to 2028) and 
metaphorically. The latter comes courtesy of it being 
the first aircraft to be designed within a mantra of 
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efficiency over everything else. That’s not to 
downplay the aircraft’s numerous new 
improvements and technological advancements in 
any way - this is one of the most complex jetliners 
currently in operation in the skies —- butin the 
present financial climate and arguably one that will 
affect the industry for years to come, this greener, 
cheaper and more accommodating aircraft is laying 
down a roadmap that others can now follow. The 
evidence for this? How about the worldwide orders 
of 821 new planes from 57 operators to the tune of £93 
($145) billion? 

So how is the 787 turning the dream of cheaper, 
more efficient air travel into a reality? The simple 
answer is a direct 20 per cent saving on both fuel 
usage and outputted emissions. The long answerisa 
little more complicated. 





The key to the super-high performance granted by 
the Dreamliner lies in its adoption ofa suite of new 
technologies and materials. Composite materials (ie 
carbon-fibre/reinforced carbon-fibre plastics) make 
up 50 per cent ofthe primary structure of the 787, 
which include both the fuselage and the wings. 
These are lighter, stronger and more versatile than 
traditional pure-metal offerings. Indeed, when this 
model is compared against the Dreamliner’s 
predecessor, the Boeing 777- read: a mere 12 per cent 
composite materials and over 50 per cent aluminium 
- you begin to grasp what a game-changer this 
vehicle is to the jetliner industry. 

The new materials have been partnered witha 
completely revisited build process, which allows 
each Dreamliner to be produced from fewer 
aluminium sheets, less fasteners (an 80 per cent 


ei(eles 


The Boeing 787 Dreamliner 
was first unveiled on 8 July 
2007 in Washington, USA. By 
the time of its unveiling it had 
already accrued 6/7 orders 
from companies worldwide. 


Big brother 


The 787 got a big brother in 

s 2013, with a larger - read: 
elongated - variant of the 
Dreamliner first in 
production. This has a 
capacity for 290 passengers. 


Fat boy 


The initial assembly of the 787 
did not go smoothly, with the 
aircraft coming in overweight 
by about 2,300kg (5,000Ib). 
Boeing used lighter titanium 
to reduce this excess. 


Assembly 
Until 2011, the final assembly 
of all 787s was at the Boeing 
factory in Everett, WA. Since 
last year, however, the aircraft 
have also been put together 
at North Charleston, SC. 


First 


‘ The first Dreamliner to be 


officially delivered was to All 
Nippon Airways in September 
2011. ANA is one of Japan's 
largest airlines, operating to 35 
felfelet| Mleler-le(eliemellim@e) mcs) ate 


More than 50 companies have worked onthe 787, 
each connected virtually at 135 sites worldwide 


787 cabin layouts can ‘ S efit into orte ofthree Mapes 
configurations, prioritising capacity or class divisions 
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Boeing 787 Dreamliner 
Crew: 7 





Length: 5/m (186ft) 
; . ; ; F , ae : j ; 7 Wingspan: 60m (197ft) 
reduction on the 777) and simpler drill the adoption ofraked wingtips, which wolfinsheep’s clothing, delivering a 
schematics — the latter allowing a 787 to reduce the thrustneededbytheengines. standard-bearing improvements, along enue a sl 
have fewer than 10,000 holes drilled inits These efficiencies combine with the with a vast list of incremental ones - Max weight: | 
— ’ 228,000kg (502,500!b) 
fuselage (the 747 needed over a heart of the Dreamliner: its twin including energy-saving LED-only — 
staggering 1 million). This saves on next-generation, high-bypass turbofan lighting - that make it one of the most oul Chm 
production costs, assembly time and engines. Twoenginemodelsareusedon advancedand future-proofed jets in our oe ceaess 
streamlines the build, reducing potential §the787-boththe General ElectricGEnx skies today. And you know what is most 15. 200k (9 440mi) 
points of failure, while increasing and Rolls-Royce Trent 1000 - each exciting? Judging by Boeing’s current Mas altoid: 
aerodynamic efficiency. In addition, delivering amaximum thrust of 280 substantial backlog ofsales, there isa 13,100m (43,000ft) 


more than 60 miles of copper wiring has 
been eliminated from the new model, 
again saving weight, plus streamlining 
the electrical infrastructure. 

Talking of electronics, the Dreamliner 
has been designed with a state-of-the- 
art, fully electronicarchitecture, which 
through the replacement ofall bleed air 
and hydraulic power sources with 
electrically powered compressors and 
pumps, extracts as much as 35 per cent 
less power from its engines at any one 
time. Further, anew electrothermal 
wing ice protection system - with 
moderate heater mats located on wing 
slats - improves de-icing levels and 
consistency significantly, again boosting 
aerodynamic performance. Wing lift 
performance is also improved thanks to 


kilonewtons (64,000 pounds force) and 
a cruise speed of Mach 0.85 (1,041 
kilometres/647 miles per hour). Both 
engines are designed with lightweight 
composite blades, a swept-back fan and 
small-diameter hub to maximise airflow 
and high-pressure ratio —- the latter, when 
complemented by contra-rotating spools, 
improving efficiency significantly. 
Finally, both engines are compatible 
with the Dreamliner’s noise-reducing 
nacelles, duct covers and air-inlets. 
Indeed, the engines are so 
technologically advanced that they are 
considered to be a two-generation 
improvement over any other commercial 
passenger jet. 

Assuch, contrary to initial 
appearances, the Dreamlinerisreallya 


high probability that you will be flying 
on one of these mighty machines 
yourselfin the very-near future. 


© Oliver Cleynen 





Powerplant: 2 x General Electric 
GEnx / Rolls-Royce Trent 1OOO 


AGeneral Electric GEnx 
fon fhigh- -bypass turbofan jet engine, 
falatsevaarenbisvoneleneatssBlascbaeinelsys 


Anatomy of F 
the Dreamliner — 


- ie? — FE We break down a Boeing 787tosee ii 
cockatt : \ how it outpaces, out-specsand fix 
The Dreamliner’s state-of-the-art cockpitis fitted with \ outmanoeuvres the competition 


Honeywell and Rockwell Collins avionics, which \ 
include a dual heads-up guidance system. The electrical | 
power conversion system and standby flight display is 
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supplied by Thales and an avionics full-duplex Cargo bay 
switched ethernet (AFDX) connection transmits data The standard 787 -referred to as the 787-8 —has acargo 
between the flight deck and aircraft systems. bay capacity of 125m? (4,400ft?) anda max takeoff weight 


of 227,930kg (503,000lb). The larger variant —referred toas 
the 787-9 -hasa cargo bay capacity of 153m; (5,40o0ft’) and 
a max takeoff weight of 247,208lg (545,o00lb). 
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Electronics — : | 
The 787 features a host of LCD  —_— 
multifunction displays throughout the 

flight deck. In addition, passengers have 

access toan entertainment system based 

on the Android OS, with Panasonic-built 

touchscreen displays delivering music, 

movies and television in-flight. 


Flight systems ~ 

The 787 replaces all bleed air and hydraulic power 
sources with electrically powered compressors 
and pumps. Itis also installed with anew wing ice 
protection system that uses electrothermal 
heater mats on its wing slats to mitigate ice 
buildup. An automatic gust alleviation system 
reduces the effects of turbulence too. 





Engines 

Two engine models are compatible with the 

Wings Dreamliner: twin General Electric GEnx or 
The 787 Dreamliner’s wings are manufactured Rolls-Royce Trent turbofans, Both models 
by Mitsubishi Heavy Industries in Japanand produce 280kN (64,ooolbf) and grantthe787a 
feature raked wingtips. The raked tips’ primary cruising speed of1,041km/h (647mph). Theyare 
purpose is to improve climb performance and, also compatible with the jet’s noise-reducing 
as a direct consequence, fuel economy. nacelles, duct covers and exhaust rims. 


1945 Vickers vc.1 Viking | ho eye, 1958 Boeing 707-120 


ee] - - 5 ie } 
Fvol Tidteys of ow ejaistsal short-range airliner derived SE-210 OF] ravel le The first product Toyebeulele(s/Melmaelcpalelita Ae rospatiale- BAC 


i z= from the Wellington bomber, the Viking The most successful widespread 707 series, the 707-120 seta Ove) ators) gale 
the eti mer was the first pure jet transport aircraft. first-generation new benchmark for passenger aircraft. Astandout development 
| | jetliner, the Caravelle in the second generation 


We select seaats rey | | 1952 DH-106 Comet was sold en masse 1961 Convair 990 of jetliners, the Concorde 


; : ; id anceleredecolbim me pae)el= delivered supersonic, 
dats high points 1n the The Comet was the world’s first and America. Itwas A good example of a narrow-body transatlantic flight- 
commercial jet airliner to reach built by French jetliner, the 990 offered faster Seyeutejnavbersmerebanievilate! 


production. It was developed by the company Sud Aviation. speeds and greater passenger- even to this day. 


ol=\t(e)(e)eantvelmeymuats 
commercial jetliner de Havilland company in England. holding capacity. 
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1. Boeing 787-10 2. Boeing : / 3. Airbus A380 
The largest Dreamliner, | 747-400 . 50 big that a new term 
which entered service in a : ESthichicccen ia . » had to be coined in order 
sae can seat up to 310 . of the /4/, the /4/7-400, —_ a ae to classify it - superjumbo 
s when it is when specced out for max a = a a - the A380 has two decks 


configured for highest seat number of seats, can carry — = and can carry up toa 
© Adam E. Moreira quantity. up to 524 passengers. bangs 0 
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monumental 853 people! 








Train to gain 


: =e SY Boeing has gone the 

3 Se acai a a ag ie extra mile to produce a 
ea , ‘availableaneach787 , * 4 

E (OP eK | complete package with 
Amenities Cabin the 787 Dreamliner, 
When on board passengers are offered The standard 787 is designed to seat 242 passengers across offeri ng ct ate-of-the-a rt 
roomier seats (across all classes), larger athree-class arrangement, with 182 seats in economy, 44 : lai facilities f 
storage bins, manually dimmable seats in business and 16 seats in first. Cabin interior width simulation facilities tor 
windows, a stand-up bar, gender-specific rests at 5.5m (18ft) and on either side is lined witha series of pilots to get up to speed 
lavatories and an on-demand 27 X 47cM (11 X19in) auto-dimming windows. | 





entertainment system. First-class 
passengers receive a complimentary 
in-flight meal and, on international 
t | flights, fully reclinable seats for sleeping. Fuselage 
(ER Ei LHS SSL The787 is constructed from 80 per cent 
— composite materials (carbon fibre and 
carbon-fibre reinforced plastic) by volume, In 
terms of weight, 50 per cent of the materials are 
composite, 20 per cent aluminium, 15 percent 
titanium, 10 per cent steel and 5 per cent other. 


' Compatibility 

The 787 Dreamliner is designed to be 
compatible with existing airport layout 
and taxiing setups. As such the 787 has an 
effective steering angle of 65 degrees, 
allowing it to rotate fully withina 42m 
(138ft)-wide runway. Italso hasa32m 
(1ooft) tyre edge-to-turn centre ratio. 





© Boeing 








Potential 787 pilots can utilise 
Boeing’s revolutionary full-flight 
simulator to train for real-world 
flights and specific context- 
sensitive scenarios. Currently 
there are eight 787 training suites 
at five Boeing campuses 
worldwide, located from Seattle 
through to Tokyo, Singapore, 
Shanghai and on to London 
Gatwick. The simulators, which 
are produced by French electronic 
systems company Thales, include 
dual heads-up displays (HUDs) 
and electronic flight bags (EFBs), 
and are designed to train pilots to 
become proficient in visual 
manoeuvres, the instrument 
landing system (ILS) and non-ILS 
approaches. Further, missed 
approaches using integrated 
specialist navigation, non- 
standard procedures with 
emphasis on those affecting 
handling characteristics, plus 
wind shear and rejected takeofi 
training can also be undertaken. 
All ofthe training simulators 
are approved by the US 
Federal Aviation 


Administration (FAA), 
1986 Fokker 100 2005 airbus A380 wie 
The Fokker 100 wasa short-haul specialist that Since its launch in 2005 the Airbus has been the * oo some of the 
carried up to100 passengers. Domesticand largest passenger aircraft in the world. The A380 has most advanced 
short-range international flights were its remit. two decks and, when specced out for all economy- mh training suites 
class seating, can carry 853 passengers. around right now. 
1994. Boeing 777 F011 ace; | 
The first computer-designed commercial lori ate, 187 Dreamliner Pilots and potential 
jetliner, the 777 delivered a vast 300-seat The most fuel-efficient jetliner ofits class, the 787 pilots can trainat eight 
capacity and range (17, 370km/10,793mi). It has been designed to reduce the cost of air travel, simulators worldwide 


elses }antereBuetsbialirc\Aeyectbalbelscanve)ele\nule(en while delivering a range of next-gen tech. 
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Gliders 


How do these engineless aircraft stay airborne? 


Gliders work by maximising the glider is also reliant on its airspeed and the 
dynamicpropertiesofairtoremain prevalence ofrisingairin the aircraft's 

} airborneforlongperiodsoftime.To vicinity. For example, ifa glider is too light 
do this they optimise their lift-to-drag (L/D) then its fall rate will be low but its travel 
ratio - the amount of lift generated by a wing distance forward will also be low, meaning 





















or vehicle, divided by the drag it creates by high speed and long distance glides are 
moving through the air - by extending the impossible, as it will never reach the 
surface area of their lifting surfaces, ie their next area of lift. However, ifa glider is 
wings, streamlining their physical weighted correctly, then the polar 


construction and utilising the lightest curve of distance travelled to 

possible construction materials. distance fallen is optimised, 
The glide ratio - the distance a glider falls carrying the glider 

for the distance it travels forward - of any between areas of uplift. 





Recreational 
Modern gliders were developed 
post World War Two, mainly by 
enthusiasts just to have fun 
during their time off work. Back 
then they were made primarily 
out of wood, not fibreglass. 


Airspeed (knots) 





Tow 


“Weighted 
COIe ctly ; the saewees sa eanare res fe Gam sie Seah ae 
polar curve of / , ai balay 
distance travelled rsd prc 


Sink rate (knots) 
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allow them to take-off on their 
own, removing the need for them 












to piggyback on another aircraft 
E ey e } iL h 2 lain in order to get airborne. 
Gliding isn’t a new pursuit of humans, although it only reached "lt The principles of gliding have 
substantial success in the 2oth and ist Centuries. In fact, the first itech ara ola 
armament industry, where 
record of someone attempting to glide through the air occursina numerous companies make 
17th Century account ofa 9th Century attempt by Abbas Ibn Firnas of gliding bombs designed to travel 
Cordoba, Spain. Unfortunately for Firnas - who wasa respected pin ieee a2 
polymath and inventor - the attempt was reliant on covering 
himself with vulture feathers and ended in bad back injuries. & Training 
: . se NT e4 | ; Many gliders are used by 
ihe Wright brothers ayer! Where Firnas failed, thou gh the Wrig ht brothers succee de d,andin lesions ty ocligeats anid ta 
_ without motor in191 aii 1911 they successfully glided in a modified, engineless variant of pilots in the basic principles of 
~ successfullygliding _ assem their famous aircraft. Since then the engineless glider has evolved og old trctitade oe Leadon ‘lela ook 
ae engined aircraft. Trainer gliders 


into the sleek, streamlined aircraft we see today. fcrddet kal casted obi: 


© WIKI 





Inside a blimp 


Graceful forms of transport that are also often 
used for advertising and as camera platforms 








Blimps keep their shape purely passengers and crew are housed and where 
through the pressure of the gas the blimp is controlled from, is often made 
inside theirmainhullandchanges ofaluminium to minimise the weight ofthe 
in this pressure are managed by ballonets. gondola and maximise lift. Blimps are best 
These are bags ofpressurisedairwhichare knownasplatforms for advertising and 
also located inside the main envelope and tend to operate between 300 and 900 
are inflated or deflated to maintain the metres. However, they can operate up to 
external shape. 3,000m off the ground. 


The envelope itselfis often made of 
man-made materials, with Mylar and 
polyester being common. Within the 
envelope —the blimp’s outer skin -there’sa 
second skin, commonly made from 
polyurethane, called the bladder. This is 
where the lifting gas, most commonly 
helium, is located. The gondola, where the 








; , = &)*> 


a Fhe ‘ 
= ins 4 ae 
e* pli _ hes 






1 qi J 
¥ ".. ” 


ren . * q > ’ ~~ = Ps 4 
mee ers SE Dake. 








a, ye ee (*. a hi tie *? pia Sy 
oe a eee ee 
Liat. tee em”: 


rs 


i —_ = ~. ° 






' 
- * 


ae 


44 “ig ~~ oi _ = 






















093 


Flow next-gen 
airships work 


GC benloeclorey-tcomdelacromolinccwurcdelmeatcbelts 
for a journey into the future of flight 
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THE LIGHTWEIGHT HEAVYWEIGHT 


Despite its delicate appearance, the Aeroscraft can actually lift 


the equivalent of 15 fully grown African elephants (close to 
oH mOLOLOM GN lol-ae-batkcypuy/rAelemelelebeleljBaewlicmer-Daemele)lon 





60,963kg 


Ls statistics... 





Aeroscroft 


Span: 49m (16071) 


Cruise speed: 
222km/h (38mph) 
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Length: 152m (500ft) 


Total passengers: 180 
Range: 5,744km (3,569mi) 


Altitude: 3,658m (12,000ft) 





Introducing the Aeroscraft 


Measuring 152 metres (500 feet) long, luxury liner Aeroscraft will hold 180 
passengers as they cruise at 222 kilometres (138 miles) per hour. 
Travellers can admire the view afforded by floor-to-ceiling windows as 
the floating giant hovers 3,658 metres (12,000 feet) over the Earth. Aeros 
describes it as the only next-gen airship capable of truly vertical takeoff 
and landing; even hybrid airships need a running start to achieve lift. On 
the Aeroscraft, rapid ascent is powered by a combination of the ship’s 
store of helium and six turbofan jet engines. The difference between 
Aeroscraft and other airships is an internal ballast system called 
Dynamic Buoyancy Management. When an airship loads or unloads 
cargo, the change in weight must be counterbalanced by adding or 
removing ballast else the vehicle will be too heavy to fly or too light to 
navigate. Instead of loading and unloading water ballast during takeoff 
and landing, the Aeroscraft can adjust internal buoyancy by taking in air 
from the outside and compressing it in internal compartments. 


How does Aeroscraft take to the skies? 


Compare the Aeroscraft's takeoff and landing abilities with other airships 











Conventional airship Cruise 
Takeoff and | 3 Descent and 
ascent Lop _teeeee hesenaee coeeeeeseee. landing 
z . .° ry LTA . ; ; 
aa ey an 
ry ———————— 
LTA LTA 
Hybrid airship Cruise 
Takeoff and Descent and 
ascent e oe Cc CC CQ CCRC SC REC RRC CCRC RR Se e landing 
a HTA Beg — 
ae "ee a S— — 
e J *. a ———— reel 
HTA HTA 
The Aeroscraft Cruise 
Takeoff and | Descent and 
ascent EE eS EEE landing 
> LTA LTA/HTA LTA 
Sas ; vertically (mission vertically ¢ a= 
5 RT: dependent) r 
HTA HTA 
LTA = Lighter than air HTA = Heavier than air 


_It’s estimated that the 
Aeroscraft will be able to cross 
the USA in around 18 hours 








Meet the Airlander Cheap flight ———_—— 
The unmanned surveillance version 


ee : : . of the Airlander can fly for weeks on 
The 90-metre (295-foot) Airlander, manufactured by Hybrid Air Vehicles, isa‘hybrid’ 000kg (18,000Ib) ure eastna 


aircraft with the vertical takeoff agility of a helicopter and the long-range flight just £12,600 ($20,000). 
capabilities of a conventional airship. Only 40 per cent of the Airlander’s lift is 
supplied by helium. The rest is powered by four turbine engines. This extra muscle 
enables the football field-sized Airlander to carry payloads of up to 200 tons. The 
AUD atcbateccs mee) eetsr-BbemAniobeelele (=) ccpmeyelcw ie) mele MAVOUldmac-Delsjelevanclaleyam-belem-baleldelsyanceye 
military use. When fully loaded with six 6.1-metre (20-foot) shipping containers, the 
Airlander can travel 2, 500 kilometres (1, (tere) mes at a op speed. mg at nctes 
— (100 mil iles) per hou: [ With its vertical t ta ceoffan dlandin 
doesn n't re aie a ry r unv way a a nd Cc -an lan and Lc on. any re onabh fat surfac 
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Airlander is marketed as a ‘green’ transport solution, using far less fuel than 
efeyeni(dolaleyercUa-ebaeecbaem-elomciite)e)kyserce- Mole) solcaneljeleyeelm-ve)ielaleemaerclm-vepeatetctact 
environmentally invasive infrastructure like major roads and airstrips. ‘ | 
y 3 | J P Not a blimp ACLS 


The envelope of the Airlander The air cushion landing 


} - : isn’t a blimp-like balloon, but a _ system deploys an 

| + es ee a Mew rigid body formed from a blend inflatable cushion to 
The statistics... ~ an _ . | oF Reviarkiyacand vector: soften landings and 
— “ie - . a} ge)t/(¢(=m=1 0 [ead (e) annem ale)(e) 


Airlander | ee  , the craft still during 
Length: 90m (295ft) sy . ey-lel[alem-]avemejal(er-(e|(aler 
Cruise speed: 

148km/h (92mph) 


Max altitude: 
6,096m (20,000ft) 


Max payload: 
200,000kg (440,925lb) 


Endurance: 71 days (unmanned) 
a Power: /,457kW ee Conse) 





ihe tar it ) = ) = 
Vis ae The Hindenburg disaster 
The newsreel footage is as powerful today as it must have 
been on 6 May 1937, when announcer Herbert Morrison 
choked with emotion as he described the explosive 
consumption and crash of the L7-129 Hindenburg, one of the 
largest (and the last) airships of the era. The exact cause of the 
fire is unknown - engine backfire, lightning, even sabotage - 
but the explosion was fuelled by the highly flammable 
hydrogen gas used to keep the 245-metre (803-foot) dirigible 
afloat. Incredibly, only 35 people died of the 97 on board. 
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Airships like the Airlander will be 
able to land in terrain that most 
other aircraft would struggle with 


© Gus Pasquerella 





















In 1785, Jean-Pierre Blanchard crossed the English Channel in an airship propelled by flapping wings 





Enter the SkyTug 


Lockheed Martin was one of the top competitors when the US Army went 
shopping for a new surveillance aircraft. In 2006, the Army passed on 
Lockheed’s next-generation P-791 hybrid airship in favour of the 
Airlander, a similar aircraft built by Britain’s Hybrid Air Vehicles and 
American defence contractor Northrop Grumman. Now the P-791 has 
been revived as the SkyTug, a hybrid airship poised to serve oil and gas 
rigs drilling in remote locations. The SkyTug works almost exactly like 
the Airlander, achieving lift through a combination of helium and fully 
rotating turbine engines. A Canadian firm recently ordered a SkyTug 
with a 20-ton cargo capacity, but Lockheed says the design is scalable to 
handle five times that weight. The SkyTug’s air cushion landing system 
features inflatable landing surfaces that enable the airship to land on 
almost any terrain, much like its competitor the Airlander. Lockheed is 
billing the SkyTug as the perfect long-range transport for heavy 
machinery and equipment. Instead of building expensive roads or 
railways to Arctic drilling sites, we can now ship heavy equipment via 
airship. To this end, hybrid airships like the SkyTug can operate in Length: 76.2m (250ft) 
temperatures as low as -56 degrees Celsius (-68 degrees Fahrenheit). Max speed: 148km/h (92mph) 





—— ; Max altitude: 
6,096m (20,000ft) 


Endurance: ?1 days 





Payload: 

From 20,000kg (44,092Ib) 
Min temperature: 

-56°C (-68°F) 
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Hypersonic flight © 


5 THE SPEED OF SOUND 














YOUN The crack of a whip is actually a sonic boom — the end of a whip can reach Mach 2 


) Blink and you'll miss them, but you'll 
+ definitely hear them. Hypersonic 

’ aircraft may look similar to the jet 
planes we're familiar with, but these 
engineering marvels are completely different 
beasts. Able to attain speeds that would literally 
tear a conventional passenger jet apart, 
hypersonic aircraft possess unique engines, are 
Jo)bbNimeqeyeaus(ohiccbeleclomectsitvatellcrsbelel=-baomerclelcate! 
full ofintelligent tech. 

So just how fast are they? By definition, a 
supersonic vehicle can move faster than the 
speed of sound - or Mach1- which is 1,235 
kilometres per hour, or 343 metres per second. 
But to be classed as hypersonic, planes must fly 
at least five times this speed - 6,175 kilometres 
per hour, or 1,715 metres per second. And their 


Hypersonic vs supersonic 


For many years experts believed it was simply impossible to fly 
faster than the speed of sound. But that all changed in the 1940s, 
when US test pilot Chuck Yeager flew faster than Mach 1 - the 
speed of sound - for the first time in human history. 

Onlookers below heard the sonic boom as the pressurised air 
gave way to the Bell X-1 rocket plane, and they realised that 


speed isn't limited to Mach 5; that’s just the 
beginning. We've already created aircraft that 
can reach Mach 20 - that’s nearly seven 
kilometres per second! As long as these vehicles 
can withstand the pressure in the atmosphere, 
they can keep moving faster and faster. 

For over 30 years we were able to use Concorde 
to fly at supersonic speeds. It broke through the 
sound barrier and revolutionised air travel. But 
now the aim is to go faster than ever, with jets 
and commercial airliners capable of reaching 
even greater speeds. This is, of course, no simple 
task, but little over a century after the Wright 
brothers first took to the skies, we're still 





building new and innovative aircraft. This 
technology reveals new realms of possibility 
that would make air travel more efficient and 
convenient than ever before. Imagine travelling 
oteVbAnicchiacbaelenelemdelcmnueyelembemiercim-Biciiiaslelepecme)s 
seeing a spacecraft climb into the upper 
atmosphere without a gigantic rocket. 

The most exciting part is that this isn’t the stuff 
of science fiction - we've already flown vehicles 
at hypersonic speeds, and researchers are now 
oC=\(2) lo) op baremanygelasacveyeulene)t-balacpciebiesle)(-mteyaeleleyele 
use. Read on for more of these incredible feats of 
engineering and the faster world that awaits us. 


“Hypersonic aircraft attain speeds that would 
tear g conventional passenger jet apart” 


Below Mach 1 


The aircraft compresses 
the air in front as it moves 


forward and emits noise 
from its engines, forming 
waves that move away at 
the speed of sound. 





SUBSONIC 


supersonic aircraft were dealing with new extremes. 
But although supersonic aircraft have to overcome many 
obstacles to break the sound barrier, these factors are 


) od ot 












compounded when moving at hypersonic speeds. At Mach 5 and 
above, the air does more than just form shock waves. At such 
high speeds, the air heats the surface of the aircraft to very high 
temperatures - enough to melt steel - and the engines have to 


cope with huge pressures. 


What causes a 
: a : 
sonic boom? 
Why breaking through the sound 
a _ barrier is such a noisy affair __ z 


a “ 5 _ —— 


== —_ —— 


Continuous boom 

An aircraft travelling faster than Mach 1 is 
constantly producing shock waves, which 
merge to form a cone. In certain conditions, 
this is visible as a conical cloud of water vapour. 





Around 75 passengers could be transported 
at Mach 10 inside the Skreemr 









Above Mach 1 
_ As the plane exceeds the speed 
of sound, it overtakes the 
waves. This causes a change in 
alr pressure, or a shock wave, 
which is heard as a sonic boom. 





MACH 1 





At Mach1 
When the aircraft 
reaches the speed of 
sound, the air being 
compressed cannot 
move away fast 

~ enough, so the waves 
accumulate at the 
nose of the plane. 


© Thinkstock; Imaginactive.org / Ray Mattison; Oscar Vifials 
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BUILDING A HYPERSONIC VEHICLE 


The challenges and successes in the engineering community's quest for hypersonic flight 


Supersonic aircraft such as Concorde differed materials such as ceramics. And they can’t stop rocket engines - the only proven systems to 
greatly from their subsonic counterparts. They there, because evenifthey areableto withstand — power hypersonic vehicles - engineers asked 
had adapted wing designs and advanced the heat, the pressure at low altitudes is simply themselves a more ambitious question: could we 
engines. These changes allowed Concorde to too great to fly at hypersonicspeeds.Hypersonic — take what we've learned about the jet engine 
smash through the sound barrier, which is vehicles need to climb high up into the and design an equivalent that works at high 
something subsonic commercial jets were atmosphere, where the air is much thinner, in supersonic, and even hypersonic, speeds? 
spuseve)himebetcie)(cmuenecey order to lessen the strain on the aircraft. WBevicn (ae conael-mue\-velalevenevmadel=r-i0)e)=) ace) anle 
The difference between a supersonic anda Perhaps the biggest consequence of the combustible ramjet, or scramjet. Taking the 
hypersonic aircraft is even more striking, intense airflowis that hypersonic vehicles can't principles ofa jetengine and stripping away all 
because at hypersonic speeds the rules change even use the same engines as subsonicaircraft. of the unnecessary components for hypersonic 
completely. The previously benign air starts to Air moving through supersonic plane engines travel -such asa turbine and.a compressor - 
become aserious problem, asaircraft moving at — doessoatsubsonic speeds(the supersonic allows air to move through much more quickly. 
ayy ela acve)au(encyelaiclemeclelcvecitcmalervcm-nectelenelicne)| airflow is slowed by an engine inlet), butifyou With few moving parts, these simple-looking 
friction. This resultsin temperatures hotenough ~ tried using asimilar setup when travelling at engines produce enough thrust foran aircraft to 
to melt the frame ofastandardjet,sohypersonic hypersonicspeeds, it would melt or simply slerebamrslmealeacreple)(ce-jelar-vetcpr-haleBbomele)pelaciepmateli= 
aircraft must be built from robust heat-resistant © explode before your eyes. Butratherthanrelyon  started.to bring the future of air travel to life. 
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_ ‘Air-breathing’ engine 
Unlike rockets, scramjets rely 
on air from the atmosphere to 
burn their fuel. 





‘Ramming’ 
——$———__—___—- Air is forcibly packed into the — 
engine due to the immense 
speed of the aircraft. 


Supersonic flow 

Airflow is slightly slowed to 
increase temperature and 
pressure but still flows through 
the engine at supersonic speeds. 




















Speed 

Scramjets are most 
efficient at hypersonic 
speeds starting from 
around Mach 6. 
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Supersonic airflow 
An inlet conditions the 


airflow before delivering it to {= 
& = t the engine, where heat is 
ey CcCramje then added in order to Subsonic airflow 
en : ine generate the thrust needed. Air is drawn into the engine by 
q turbines and compressed, slowing 


the flow to subsonic speeds. 
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NON ll\\ | Conventional jet engines are 
SUS ay capable of operating at 


a" 
ao 

= ag 
1 j 


Po F 
oar 2S 






ss, 
a 











<1 LL ee 


—— — : 
Set LL : 
= ee ~—ih 






sige 
io a 
Fd 


speeds of up to Mach 3.5. 
Compressed air combusts 


= ; 
the fuel source and leaves at Conventional 
a higher temperature and jet engine 


Combustion HE afeD EX 


pressure through the 
exhaust, producing thrust. 




































A hypersonic venicle 


The Waverider’s hypersonic design is” 
st1@aham lalere)geleleciccielaimelnar-|e\i0 
Boeing’s hypersonic vehicles 
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Thrust 

Pressurised air combusts the 
fuel source and produces 
thrust as it exits the engine. | 








would experience 492,000KG/me of pressure If fiown at ground level 


MA Mi ERSONIC | 
FLIGHT A REALITY 
We spoke with Boeing's chief scientist 


of hypersonics, Dr Kevin Bowcutt, 
about the future of high-speed travel 






Dr Kevin Bowcutt is the senior technical fellow 
and chief scientist of hypersonics at Boeing. Heis 
an AIJAA Fellow, a Fellow of the Royal Aeronautical 
Society, and also a member of the National 
Academy of Engineering. He holds BS, MS and 
PhD degrees in aerospace engineering from the 
University of Maryland, US. 


Why is Boeing so interested in the 
hypersonic technology? 

Boeing is interested in hypersonic technology for 
several reasons, including application to 
missiles, aircraft, and space planes. Hypersonic 
airplanes may someday whisk passengers and 
cargo across oceans in an hour or two, enabling 
international day trips. Perhaps most exciting of 
all, reusable hypersonic space planes may make 
transportation to Earth’s orbit more like flying in 
an airplane than a rocket, and therefore much 
more affordable - up to 100- times cheaper. 


What hypersonic technologies are you 
currently developing? 

Key enablers to make hypersonic flight a reality 
include lighter and more durable high- 
temperature materials, increased hypersonic 
engine efficiency, and advanced sensing and 
data analysis technologies. On the technology 
front we are developing advanced high- 
temperature ceramic matrix composite 
materials, structures, and thermal protection 
systems. We are also developing, and have 
applied, advanced hypersonic vehicle design 
methods based on multidisciplinary design 
analysis and optimisation (MDAO). We have 
designed, and continue to study, hypersonic 
vehicle concepts such as missiles, 
reconnaissance aircraft, passenger airplanes, 
and reusable launch vehicles (space planes). We 
have built and successfully flown two scramjet- 
powered experimental vehicles, the NASA X-43A 
and the USAF/DARPA X-51A. 


What are the main challenges that you 
currently face? 

Finding materials that withstand very high 
temperature,and that are lightweight and 





durable, 
remainsa 
challenge, 
although good 
progress is being 
made in their 
development. Scaling up 

scramjets to larger sizes (beyond small jet engine 
size in terms of air flow rate) and speeds above 
Mach 7 is another difficulty due to ground testing 
limitations. Integrating low-speed and high- 
speed propulsion systems into combined cycle 
engines is another area for further development; 
combined cycle engines are required to 
accelerate from zero to hypersonic speed. 
Additional challenges include vehicle thermal 
management and thermo-structural health 
monitoring, as well as designing highly 
integrated systems such as hypersonic vehicles, 
driving the need for MDAO. On top of this, 
adequate funding is a perennial problem, 
although the situation is improving. 





What is the overall goal of your project? 
While Boeing is not developing a hypersonic 
airliner, and does not see a near-term demand 
for the product, we continue to research many 
advanced hypersonic concepts and 
technologies, so that we are prepared ifthe 
market develops for such vehicles. The potential 
for hypersonic aircraft in the future will require 
further advances in several areas of technology, 
as well as market demand. Ultimately, we want 
to help create the future of flight: ultra-rapid 
global transportation and routine and affordable 
space access. 


How do you personally picture the future of 
hypersonic flight? 

Although it’s likely to be a few decades away, | 
envision a future where Mach 5 airplanes fly 
people between international cities in a couple 
of hours, and space planes routinely fly people to 
a hub in Earth's orbit for connecting flights to the 
Moon or Mars. Eventually, these vehicles will be 
powered by clean, high-density energy, probably 
some form of safe nuclear power. 


© SPL; Alamy; US Air Force 
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THE FUTURE OF HYPERSONIC FLIGHT 
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If there’s one lesson that we've learned about 
hypersonic flight so far, it’s that heat, weight and 
power are all major obstacles. Too much weight, and 
you can’t reach the desired speed. Too much heat, 
SLO MtO)ebarcNeaerec Haman i meslcvumesnlocoieldelew-Velemaelsvel 
there’s the question of how we can power our 
machine to hypersonic speeds and keep it there. 
Fortunately, solutions for each of these critical 
problems have been suggested - and some seriously 
cool aircraft have been designed in the process. 

Innovative engineers such as Charles Bombardier 
have been at the forefront of these endeavours. His 
envisioned aircraft, called Skreemr, would take to 
the skies with the help ofan electrical launch 
system such asa railgun -so we could be bidding 
farewell to runways one day. Arailgunis an 
electromagnetic strip that uses electricity to launch 
projectiles at incredible speeds, and could be used 
to fire the Skreemr into the air. This would eliminate 
the need for tons of extra rocket fuel for take-off, 
reducing the aircraft's weight considerably. 

FAN ate)d elzy ae larcpldamey@sieyenley-baee(-) em cesleyiisen-loanal 
FAValaqelerel=pmaeleucome-(ele(cmeal-walcr-1me)ae)e)(-seemctoanl(cltects 
the menacing sonic boom. By using counter-flowing 
jets of air that move outwards in front of the aircx 
the temperature generated from aerodynamic 
ipa lale)ou-belomael=ncie)bbslem eyaelelblecromoyimmal=ecie) eb leony elolene 
waves would be significantly reduced. And these 
features would help the Antipode fly up to Mach 24, 
equivalent to 29,500 kilometres per hour! These 
designs are still some time away from being 
realised, but Airbus and Reaction Engines have 
recently generated two concepts that could have us 
cruising at hypersonic speeds that much sooner. 


Rising to new heights 


Nig slewmeliag-tiie-le)(omAll mma '(claller(-mil| More lii-Mo)' = g 
twice as high as today’s airliners 


Climbing 





— = : = 
Hypersonic hopefuls 
Rival aerospace engineers are tackling the 
same mission in two very different ways 


REACTION ENGINES 


Passengers 

Up to 300 passengers plus 
baggage can be transported, 
ensuring ticket prices remain 
competitive with those of 
subsonic airliners. 


Airframe ———. 


The shape of the aircraft 
allows the pilot to 
maintain control across 
the full Mach range. 


Rotating fins 


Rocket booster 
As the turbojet engines 
are retracted, a rocket 
engine pushes the plane 
beyond Mach 1. 


Mounted ramjet engines 
These engines generate thrust 
once the aircraft has reached a 
high altitude and is travelling at 
supersonic speeds. 


Fins at the rear of the plane 


can switch between 


horizontal and vertical 


orientations for increased 
stability and speed control. 


See See _ 











Once the aircraft has 
reached the lower 


Take-off 

Jet engines attached 
to the fuselage 
would be used for 
taxiing and take-off. 


stratosphere, the 
rocket engine ignites. 





Cruising 

Advanced ramjet engines 
are ignited when the 
aircraft reaches an 
altitude of 35km. 


Accelerating 

The aircraft breaks through the sound 
barrier while travelling vertically, causing 
the sonic boom to travel horizontally 
instead of towards the ground. 
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Liquid hydrogen fuel, which most hypersonic aircroft will use, is much sofer than conventional kerosene 
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= Y i | a | a a : Ls The legendary X-15 
The history of hypersonic travel was the first vehicle to 
| ae: | carry a pilot at _ 

It’s been 60 years since a piloted vehicle first travelled faster than Mach 5, hypersonic speeds —— 
breaking the hypersonic barrier in a defining moment that showed the true , % - se 
possibility of space travel. The X-15 aircraft not only showed us that we could be aa AS ; 
carried at hypersonic speed, but taught us about how best to design, control and = ig 
safely land a vehicle capable of achieving such a feat. The aircraft itself was 
essentially a rocket/plane hybrid, built to endure temperatures up to 700 degrees 
Celsius and fly at an altitude of over 100 kilometres, while being blasted through 
the air by a rocket engine at the rear. 

Its achievements filled its creators with confidence that they could soon launch 
a vehicle into space at high speeds and bring it back into the atmosphere safely. * 
Essentially, the X-15 played a role in putting humans on the Moon. a 





Fuel | 
Almost half of the aircraft's f_ ous) 
weight - approximately 400 Sey 
tons - is its fuel mass. 

— Turbo ramjets 


No view rpg ” 
Windows that can cope with the heat of uF ore a q raMmie are 
combined into a single engine 


hypersonic travel are expensive and heavy. 
¥P — meee y that is capable of take-off and 
Passengers may have internal screens s 
: een ; landing, as well as cruising at 
linked to viewing cameras instead. 
hypersonic speeds. 






















Fuel tank Passengers 
Airbus’ design would This concept can carry 
be fuelled by on-board up to 20 passengers Heer pe Sgr pee eee 


liquid oxygen, as well 
as ambient oxygen 
from the air. 





The Skreemr would make use of an electrical 
launch system to accelerate to high speeds 


Retractable 
turbojet engines S 


caaingeanettacd “We could be bidding 
forewell to runways - 


are then withdrawn into 
the fuselage, making the >= 


vehicle more streamlined. eiai= fajala P “QL 
a i wwe 
1 p> <a) 

















Next-gen airships 


eee 


HIGH-SPEED 
HOLIDAYS 


It may soon be possible to 
watch the Sun rise in Paris > let engines 
and set nN Tokyo | Subsonic jet engines are 


required for take-off and 
a safe landing. 


























Rocket power 


Rockets take over from the Ta ki ng tou rl sts to the 


jet engines after take-off to 


increase the aircraft's speed upper st ratosphere 


to at least Mach 2.5. 
Meet ZEHST, the Zero Emission High- 
Speed Transport of the future 












Most of us see travelling to the other side of the globe 

s the trip ofa lifetime. Aside from th n Oxygen tanks 
as the trip ofa lifetime. Aside from the expense, | Unlike the other 
these journeys take avery long time Yo ‘air-breathing’ engines, 
indeed. When we have to watch hours | / the rockets require a 

: ; | i | source of stored oxygen 

upon hours of in-flight entertainment on fat fied SEARO. 
long-haul flights, it feels like we're - 
lumbering through the air. 

Ever since the world lost Concorde in 2003 
we've been content to fly within the sound 
barrier. But the answer to our travel woes could 
be to punch right through it and go faster than 
any passenger plane has before. By flying at the 
upper limits of supersonic speed and into the 
hypersonic speed region, we could dramatically 
reduce travel times and change the way we explore 


the world. Liquid hydrogen 


Meee... e a aan : | Two tanks of hydrogen 
The unique design of the aircraft has become NE A Hie i 


the main challenge for revolutionising air rockets and ramets. 
travel. Most passengers probably 
wouldn't be comfortable strapping 
into a rocket and blasting across 
the planet. Using a rocket for 
international travel would 
also be unfeasibly expensive, 
complicated and bad for the environment. Ideally, 
the hypersonic passenger carrier of the future will 
operate much like today’s subsonic airliners. 
Passengers would be able to take theirseatsina , Ts 

Sa Lightweight materials 
pressurised cabin, and the vehicle would be able to Te dGHSRESES THEIRS WHISK Ramjets 
take-offand land unaided on a conventional runway. of multiple engines, the frame When the aircraft's speed reaches 


Engineers have decided that using multiple must be lightweight yet strong 3,100km/h, air can be ‘rammed’ 
' ; a enough to endure high levels of through the ramjets fast enough for the 
engine types is the way to get this technology off the sancdoncacieccliaa, SRGIEe iS SRBBUSE MFUEE 


ground. Typical jet engines could be used for take-off 
and landing; a rocket engine could then propel us to 
great heights and speeds; and then the supersonic or = 
hypersonic engine could take over. This would eee Seas 
nevertheless be something ofa thrill ride, assome | less than three hours 
designers believe their aircraft would have to take off 
near vertically! Those of us with a nervous 
disposition to flying may find it best to stick to the 
relatively sluggish speeds of a jumbo jet. However, 
for those holidaymakers and businesspeople who 
want to maximise the time spent at their 
destinations, and are willing to brave a vertical 
ascent into the atmosphere, hypersonic journeys 
will be the way forward. 
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Travelling at Mach 5, you could circumnavigate the globe in less than seven hours 







Suppressing the kK 
sonic boom 


Whether you're going supersonic or hypersonic, 
breaking the sound barrier is loud. As a vehicle 
accelerates, the waves of air pressure being 
pushed along by the frame begin to merge into 
one single shock wave. This air can travel at the 
speed of sound but as a vehicle surpasses this 
speed, a drastic change in pressure results ina 
deafening clap - a sonic boom. 

The sonic boom is one major hurdle for 
aviation companies to overcome if hypersonic 
flight is going to be made available commercially. 
Concorde - the first and only public transport to 
break the sound barrier - was criticised for its 
volume and was only permitted to break the 
sound barrier over the ocean. 

Like many aerospace Issues, it could be NASA 
that comes to the rescue once again. The space 
agency and its partners at Lockheed Martin are 
in the process of designing an aircraft with many AEA ond Lockheed Wlartin’s 
lifting surfaces to stop the airwaves from | 
combining. The result would be a series of small 
booms rather than one big one - lowering the 
sound output to that of a normal conversation. 











Quiet Supersonic Technology 
(QueSST) X-plane design will 
be a step towards ‘low- 
boom’ supersonic travel 


Silver savdi “Hypersonic travel would 
Helium is used to pressurise the ‘aulaia = the way VV/=, 


propellant tanks, allowing liquid 


hydrogen to be combusted in —9,4 5) OFe the ViVie) ela ‘ 


the rocket engines. 


Passenger cabin 
Up to 100 passengers 
can be carried in the 
pressurised cabin. 


High altitude 

To minimise air resistance 
the ZEHST would climb 
32km above sea level for its 
journey - three-times 
higher than a Boeing 74/7! 


Streamlined design 
The pointed nose and narrow 
wingspan, reminiscent of 
Concorde, maximise the 
aerodynamics of the vehicle. 


RZA; NASA; Illustration by Adrian Mann 













Crerele| o\V/=m (elite te 
haul flights 
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promises to make the world feel 
a whole lot smaller 
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Boeing 787 =—_ A 
London to New York flight times 


ZEHST 
6,180km/h (Mach 5) 


| Concorde 
3.5hrs 2,180km/h (Mach 2) 


Boeing /8/7 
1 920km/h (Mach 0.85) 
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108 The Space Shuttle 120 Space Shuttle 
Discover the form of transport ' payload bay 


that has taken the human race Discover how this colossal 





into space craft delivers tons of supplies : 
11 4 The Orion spacecraft 122 Automated transfer 4. Sa» 4 
How the replacement for vehicles (ATVs) PVA 





NASA’s Space Shuttle will take Keeping the International 
us to the Moon and beyond Space Station fully stocked 


_ with the help of ATVs 
116 On board the 
SpaceShipTwo 12 4. Solar-powered 
Will this incredible spaceplan spacecraft 


kickstart commercial flights Harnessing energy from the 
into space? Sun, solar-powered probes are 


environmentally friendly “Tn ist f ive deca des, 
What path have the Voyager Next-gen space planes SPdce travel has 


probes taken and where are How the next generation of trul COM} © OF} leaps 
they now? aircraft will help us venture gnd Boun ds, ond will 


into space like never before continue to devel Op : 










11 8 Voyager spacecraft 
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am On12April, 1981, the Space Shuttle 

launched into our skies for the first time as 
=) the orbiter Columbia lifted off from Cape 

Canaveral, Florida. This mission, STS-1, was the first 
in what would be 135 successful missions in 30 years 
of service. Two tragedies — Challenger in 1986 and 
Columbia in 2003, both of which lost their crews — 
overshadowed the programme inits later years. But 
the achievements of the Shuttle were many. 

The Space Shuttle was born from a desire to make 
space more accessible. Following on from the 
expensive race to the Moon with the Soviet Union, 
the Shuttle was NASA's attempt to get back on more 
steady footing. After the US emerged victorious by 
landing on the Moon in1969, President Richard 
Nixon wanted a new direction for NASA. They began 
to develop the Space Shuttle, a reusable method to 
reach orbit at what was hoped to bea lower cost. 

Originally, NASA had planned the Shuttle to bea 
fully reusable two-stage vehicle, both piloted on 


their way to space. Budget cuts, however, led to astill 
impressive but decidedly clunkier design ofthe 
shuttle that did not quite live up to the dream of 
reusability. The Shuttle launched strapped to a giant 
tank of fuel, with two side solid rocket boosters 
(SRBs) attached to give it an extra kick. The orbiter 
itselfwas reusable and could land on arunway, but 
the tank was expendable and the boosters had to be 
recovered from the sea, where they were damaged 
by salt. 

Despite its flaws, the Shuttle was unique. 
Previously, astronauts had launched to space in 
cramped capsules. Here was a roomy vehicle that 
could launch seven people and with them satellites 
and other equipment to use or release in orbit. 
Thanks to the Shuttle we were able to launch and 
service the Hubble Space Telescope, perform 
countless experiments in orbit, learn more about 
human spaceflight than ever before and build the 
International Space Station. 


Three decades in orbit 


How this pioneering spacecraft 
atzy|el=teme)el=lamelemaal=malats|Migelalal lg 


First American 
female astronaut 
Sally Ride became the 

first American woman to 

go into space 0n18 June, 
1983. She flew aboard 

Space Shuttle Challenger 
on the STS-7 mission, 
deploying communications 
satellites and conducting 


experiments during six days in orbit. Ride flew 
again in 1984 but sadly died from cancer in 2012. 


Microgravity research 
More than 20 Shuttle missions were 
dedicated to low-gravity research in 
a quest to understand the effects of 
microgravity on biological, chemical 
and physical systems. This was 
done aboard a specially designed 
Spacelab module, which was used 
to see how cells responded to flying 
in space, among other experiments. 


First African-American 
astronaut in space 
Guion Bluford became the first 
African-American to go into 
space on Challenger’s STS-8 
mission on 5 September, 1983. 
This mission released an 
Indian communications and 
weather observation satellite. 
Bluford flew on three more 
Shuttle missions before leaving 
NASA 1n 1993. 


Mo) ale (=) Maal sie) 8 

STS-80 was the longest Space 
Shuttle mission, totalling 17 
days, 15 hours and 53 minutes. 
It was flown by Space Shuttle 
Columbia from 19 November to 
7 December, 1996. The landing 
should have been two days 
earlier but bad weather 
prevented the Shuttle 
returning to the runway 

on schedule. 


wa. 


The Space Shuttle made spaceflight routine in an 
age where it had been anything but. It flew for the 
last time in July 2011 when Atlantis completed the 
STS-135 mission. And although it comes in for some 
deserved criticism, there’s no doubt aboutits huge 
impact on space travel. 


“Thanks to the Space 
Shuttle we could 
build the ISS” 











Te larorsliavemalele)el(= 
Arguably the most famous 
Shuttle mission, STS-31 0n 24 
April, 1990, saw the Hubble 
Space Telescope taken to orbit. 
It was deployed a day laterina 
ebt:dameyae)imoye eb loventcieacce-leleyuc 
Earth to prevent it being 
dragged into the atmosphere. 
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Four separate servicing 
missions between 1993 and 
2009 kept Hubble working 


properly. The first replaced its 
primary mirror, which had 
been launched with a flaw. No 
other spacecraft before or after 
has been capable of such 
servicing missions. 


© NASA: ThinkStock 


oe “One of the greatest innovations, 
. Works was that the entire Shuttle orbiter 
=). =.V=ee § was cesigned to return to Earth” 
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How we mace it into space 


Inside the Space Shuttle 


How the design of this vehicle allowed it to perform groundbreaking science in orbit 








The design of the Space Shuttle incorporated a launch, but also to be opened when in space. re-entry in February 2003, tragically killing all seven 
number of key demands that needed to be met. Crucially, they had to close tightly for re-entry to crew members. 
These included making it highly reliable, able to prevent any hot gases getting inside the vehicle. A One of the greatest innovations, though, was that 
carry a large variety of cargo and making it as zipper-like system ensured the doors would close the entire Shuttle orbiter was designed to return to 
versatile in orbit as possible. Most ofthese conditions evenifthey were distorted by temperature changes Earthasa glider. Because the main fueltank was 
were indeed met, making the large majority of or Earth's gravity. jettisoned on the way to orbit, the Shuttle did not 
Shuttle flights a success. Another key innovation was the use of the have access to propellant during the descent even 
One of the Shuttle’s key successes was its cargo Canadarm, along mechanical arm that was used to though its own engines were still attached. Using a 
bay. Using swinging bay doors it was able to deploy satellites and other tasks. Onlatermissionsit lowglideangleanda long drift time, the Shuttle was 
accommodate lots of different payloads, from was used to inspect the Shuttle for damage following abletoreturn fromspeeds in orbit of 27,800 
satellites to experiments. The doors were the Columbia shuttle disaster, when a hole inthe kilometres per hour to about 400 kilometres per hour 


designed to not only besturdyatthetimeof | SE Shuttle's left wing causeditto disintegrateon when landing. 


Key 
components 


The major parts of the Space 
Shuttle that made it a success 
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j ) was $196 billion (£152.2 billion) 





Launching and landing 
CO) Vad alseoyeleldslsmcole)qejumsbalomualsjamasnebestsemnenmcbane 5 Orbit 


The Shuttle was able 
to stay in orbit for up 
totwo weeks atatime. 














3. Main engine cut off 
At T-plus 8.5 minutes the main 
engines cut off. Halfa minute 
later the orbiter separated from 
the fuel tank. 










2. Booster — ai ~ ee 






































separation 

At T-plus 2 minutes 

the now empty solid . 

rocket sooRter are 4. Satellite 6. Re-entry 

jettisoned and fall deployment When the mission was 

back t6 Exith. Once in orbit — usually at over the Shuttle would 
_ 400km — satellites could be angled at 40 degrees 


then be deployed. to begin re-entry. 









7. Gliding 
Once through the 

atmosphere the Shuttle 
would glide unpowered 
to the landing site. 











1. Lift-off 
AtT-minuso 
mee ~6secondstheside 
l= boosters were 
a | ignited andthe 
Shuttle lifted off. 














8. Landing 

Having touched down 
ontherunwaya 
parachute helped slow 
itto astop. 









LABAMA 
Montgomery” | GEORGIA 
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pacola’ “Panama . Tallahassee Jacksonville 
. City Beach : : . 
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© Thinkstock; NASA; Illustration by Adrian Mann 





‘It was the first time solid rocket 
boosters [SRBs] were used ona 


ele Se ae § Manned vehicle” 












Mission summary 


SW atcnacchile)tcvAbercmeebtsss)(e)atsmaetlmestsle(ommelcme)eluinulce-Blarcvele! 


There were 135 Space Shuttle missions that Just prior to that in 1995, the STS-71 mission The final mission, STS-135, launched on 8 July, 
successfully made it to orbit. All of these heralded anew erain partnership betweenthe US  2011,wasasombre oneasit brought the 
performed some incredible science. Theinaugural and Russia when Space Shuttle Atlantis docked programme to aclose. Atlantis delivered two 
launch of Space Shuttle Columbia on12April,1981, withthe Mir space station. In1998, Endeavour major components to the ISS and brought toa 
NVCctome)al=me) ma elswesloscimpesleleyan-belem-belemia-(aenl-aucren-| carried out the STS-88 mission that began the close one of the greatest technological 

number of firsts. It was the first time solid rocket [ENG mO)E MOlc\ nae) etclolejecinle)ammmalsnee)alsinaelenleaneyi Leleutcat(sdaalsvelecne) melee mubeilss 

boosters (SRBs) were used on a manned vehicle, the International Space Station (ISS). 


ebelomlment-baccclommal=Binacimabestar-Mart-bevel-lensjer-(uclet-bal 
had returned ona runway landing. 
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1990 was of course pivotal, but perhaps equally so 
was the first servicing mission in 1993. This proved 
the Shuttle's capabilities as a reusable spacecraft 


that could repair satellites in orbit. STS-93 in 1999 
was also important as it launched the Chandra 
oe 














X-ray Observatory, which has helped us study 
supernovae, nebulae, black holes and more. 


ESTIMATED TOTAL 
DISTANCE TRAVELLED (KM) 


872000000 


135 Shuttle missions 


1. First Shuttle launch Longest mission 
The first Space Shuttle launch was 19 November, 1996. This was the longest 
Columbia on 12 April, 1981. Space Shuttle mission at 17 days, 15 
hours, 53 minutes and 
18 seconds. 














Challenger accident 
Just 73 seconds after launching, Space | 
Shuttle Challenger exploded on 28 ISS construction 
January, 1986. The Shuttles took more than 85 per cent 
Hubble Space of the International Space Station's 


Telescope deployed peer rEte a 

Space Shuttle Discovery successfully Columbia accident 
deployed the Hubble Space Telescope On1 February, 2003, Space Shuttle 

in late April199o. Columbia disintegrated as it re-entered 


: : : : Mir Earth’s atmosphere. 
28 Ce) 39 33 heme Cole] malelanielcame)amalie|aias oe : ) 
: : = _ 29 June, 1995, saw the first Shuttle to Final launch of Shuttle 
io Bh 5 = é dock with Mir and the 100th US Atlantis launched on the final Space 
: o 6 6 fs manned space flight. Shuttle mission on 8 July, 2011. 
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Five key stats 


238.5mn km 100,000kg 


The distance covered by Space Shuttle Discovery, 
which travelled the furthest of all five Shuttles 
during its service. 
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The combined weight of the Shuttle, 
boosters and tank at launch. 


The approximate weight of the Shuttle orbiter 
upon its re-entry into the Earth’s atmosphere. 


i ial=me)ce)elelau(elame)mun(= 
ISS’s structure that was 
launched by the Shuttles. 
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Shuttle launch weight 
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© Re-entry weight 


Millions of km (approx) 197.6 202.7 238.5 38.0 195.9 
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Endeavour 
Atlanti 
Discover 
Challenge 

Columbia 





travelled into space in the Shuttles. 




















The Shuttle’s 
lasting legacy 


While the Shuttle has now gone, it has 
left behind a shining legacy of exploration 


International 
Space Station 
The ISS is one of the greatest 
human-made constructions 

of all time. This vast $100 

billion (£79.2 billion) station 
spans the size of a football 

pitch and has been continuously 
manned since 2000. It was 
assembled in space, and its 
construction arguably would not have been 
possible without the Space Shuttle. Today, 
astronauts continue to work on the ISS and 
(exe) ple 6(eqmee|gelljale|s)a=t-| <inlema=sict-| cep male) m@elaliaialce) 
spaceflight but also into areas that improve our 
lives here on Earth. 


Hubble Space 
B=) (2t-foxe) of =) 


Since its launch in 1990, the 
Hubble Space Telescope has 
made countless discoveries. It 
has peered into the distant 
Wialhiciect=ee lee maelelalemel-|F-) <i 
stretching back to just 400 
million years after the Big Bang. It’s 

taken Deep Field images of the cosmos, 
revealing a vast number of galaxies, and closer 
to home it has found water bursting from 
Jupiter's moon, Europa. Still going strong, who 
knows what the Hubble will find next? 


Oe atel em ee) 
Observatory 
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Chandra X-ray Observatory is \\ = [TL 


one of NASA's ‘Great k 
Observatories’ along with : 
Hubble, the Gamma Ray ) 
Observatory and the Spitzer _ — wh 
Space Telescope. Launched on Ties 
Columbia in 1999, it has observed the 

universe in X-rays to help astronomers see into 
the centre of a supernova. It has found a galaxy 
being eaten by another and also observed the 
X-ray emissions from the supermassive black 
hole at the centre of our galaxy. 
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Thanks to the Shuttle we 
were able to perform 
microgravity research. It 
le]ge\\(=leMaarslm@er=i|(-mee)slleme|ges'') 
in microgravity, even with a 
lack of fluid mixing. Experiments 
also discovered that some immune 
cells were not as effective while in 
aaliercelele=\ ia’ Ant ial (eam ar-tom lan) e)|(er-bdlelar-miels 
long-duration space travel. It also helped test 
the limits of how humans operate in space. 
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yee 
SPACECRAFT 


The Orion 
spacecraft 


How the replacement for NASA’s Space Shuttle 
will take us to the moon and beyond 


| The primary goals of the Orion spacecraft, 


which has been contracted to technology 
company Lockheed Martin by NASA, are to 
deliver crew and cargo to the International Space 
Shuttle and return astronauts to the moon after 
almost a 50-year wait. Orion made its first test flight 
in December 2014 and is scheduled to complete a 
lunar mission by the early 2020s. 

The Orion crew module is similarin design and 
appearance to the Apollo Command Module that 
first took astronauts to the moon. It is three times 
the volume of the Apollo module with the same 70° 
sloped top, deemed to be the safest and most reliable 
shape for re-entering Earth’s atmosphere at high 
velocity. The Orion module has a diameter of five 
metres and a total mass of about 9,oookg including 
the cargo and the crew, which increases or decreases 
slightly for missions to the International Space 
Station and the moon respectively. Unlike the 
Apollo module, which had a crew capacity of three 
people, the Orion module can carry between four 
and six astronauts. 

Attached to the crew module is the service 
module, responsible for propulsion, electrical 
power, communications and water/air storage. The 
service module is equipped with a pair of extendable 





‘The Orionspacecraft ‘ 4 
will transporta lunar 


Yon 
~landertothemoon* Th, aN 
a2 0 
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solar panels that are deployed post-launch in 
addition to batteries to store power for times of 
darkness. Like the Orion crew module, the service 
module is also five metres in diameter to providea 
clean fit between the two, and has a mass of about 
3,700kg in addition to 8,300kg of propellant. 

Exerting 33,000 newtons (7,500 pounds) of thrust, 
the engine ofthe service module uses hypergolic 
fuels monomethyl hydrazine and nitrogen tetroxide, 
which are propellants that ignite on contact with 
each other and require no ignition source. Another 
benefit of these propellants is that they do not need 
to be cooled like other fuels; they can be stored at 
room temperature. 24 thrusters around the service 
module will also give it control to change its 
orientation in all directions, but these are almost 30 
times weaker than the main booster. 

Upon descent to Earth the Orion crew module will 
use a combination of parachutes and air bags to 
allow a cushioned touchdown on land or sea. The 
service module will detach in space and disintegrate 
in the atmosphere. The entire Orion crew module 
will be reusable for at most ten missions except for its 
ablative heat shield, which burns up on re-entry into 
Earth's atmosphere to protect the astronauts from 
the extreme heat. 
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“The crew module will use 
parachutes and alr bags to dllow 
g cushioned touchdown" 
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FACTS 


JAXA PROJECTS 


Orion 


Although Orion is currently 
still on schedule, there are 
murmurs that the project 
could be canned in favour of 
using private companies for 


transporting crew to the ISS. 


SpaceX Dragon 


One of the competitors, the 
Dragon capsule transported 
crew members to the ISS in 
2012, becoming the first 
private spacecraft to 
successfully dock there. 


Boeing CST-100 


® After losing the Orion contract 
'to Lockheed Martin, Boeing’s 
capsule (similar in design to 
Orion) was helped by $18m of 
funding from NASA and could 
launch later this year. 


Dream Chaser 


Under development by the 
Sierra Nevada Corporation, 
this space plane won $20m 
from a NASA competition. 
It could land on almost any 
runway in the world. 


X-37B 


This US military space plane 
returned from a seven month 
orbit in 2010 and made the 
first ever spacecraft landing 
by autopilot, but its 
intentions are unknown. 
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Launch abort 
Inalaunch pad emergency, 
this rocket will lift the crew 

module and allowitto 
parachute safely to ground. 
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Heat shield 

The ablative (burns on re-entry) 
heat shield protects the crew 
moduleasitreturns to Earthalone 
before the parachutes deploy. 











Airlock 

The top of the crew module 
allows docking with other 
vehicles suchas the ISS and 
lunar landers. 


‘When and where will ASCE Perr es 
Orion be going?* 7 nail 












© NASA 





Crew module 
Able to accommodate up to 


Earth /Moon/ Mars @'NASA 







six crew members, this 
module provides a safe 2015 : 7" ae : ; -mission ° 
habitat for them to stayin eee | a gs an ieee co “ets, | ane ae 
during their journey. fs Low Earth orbit__. : Ri See: 3 cme” lar 






Service module 

This module supports the crew 
throughout their journey, 
providing life support and 
propulsion, before detaching 
upon Earth re-entry. 


} journey time: 0 es 
‘116. ‘Ve, 
ap 


7 Distance: "34 mi Ilion 


Inside the service : _ 3 | a ie a Oe BE Ne 
module, unpressurised cargo 
for the ISS and science 
equipmentare stored. 
Spacecraft adapter ; 4 ot eee ee rece ane 2031. 
| Panne ciethie Onlon | eu oe ah ey oe | 3 First mission 
spacecraft to the launch : 
rocket, and also protects 3 Success now ‘achiewed ” ; ae to Mars’ . 
components inthe *Provisional dates from NASA, subject to change, . Full success anticipated 
service module. 
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Virgin Galactic’s reusable spaceplane, 

ik SpaceShipTwo, is designed to take two 

- pilots and six passengers on the trip of 
a lifetime. Made by The Spaceship Company, 
part of Virgin Galactic, this vessel will be 
carried high into the atmosphere by the 
jet-powered aircraft WhiteKnightTwo, before 
engaging its rocket engines for a brief trip out of 
this world. 

With 12 windows on the walls and ceiling to 
marvel at the view, and articulated seats for 
optimum journey comfort, it has been designed 
specifically with space tourism in mind. 
Passengers will be able to look up at the stars 
and down at the Earth below duringa 
controlled flight in a spaceship that looks likea 
plane. After their adventure, they will glide 
back through the atmosphere, before landing 
o)ak-BabbennichiA 

The first SpaceShipTwo prototype broke 
apart over the Mojave Desert in California 
during a test flight in 2014, but Virgin Galacticis 
determined to make the project a success. The 
second iteration of the craft was officially 
unveiled by Richard Branson on 19 February 
2016, and has been named VSS Unity. Virgin 


Inside VSS Unity | 


Take a closer look at 
Virgin Galactic’s 
passenger spaceplane 


Thrusters 
Positioned at the front of the 
spaceplane and on the wings, 

thrusters provide additional 
foe)aidge)molOlalalemalte| aim 
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plane are constructed 
from carbon fibre. 





Could this be the vehicle that will take you to space? ~ 


Galacticis paying close attention to safety, 
commenting inastatement: “Starting at the 
level of individual pieces and components, we 
poked, prodded, stretched, squeezed, bent and 
twisted everything used to build these 
vehicles.” The next step is to test the fully 
assembled spacecraft, first on the ground, then 
Leben eteeed ete l-minecd aiaspe-polemibercUenv@pemaele Coie 
powered tests. 

When it is ready, VSS Unity should achieve 
altitudes of over 80 kilometres —- high enough 
that any passengers will officially be 
recognised as astronauts by NASA- and could 
even reach altitudes of 110 kilometres. However, 


it will be some time before we see the first brave 


passengers take to the skies. Virgin Galactic 
explains: “As a thousand-year-old saying goes, 
there is no easy way from the Earth to the stars. 
But finally, there is a way, and through steady 
testing, we will find it.” 
felon de]: 
Two pilots fly the 


craft using a control 
panel in the cockpit. 


Passenger cabin 
SpaceShipTwo has been 
designed with the 
passenger's experience in 
mind, aiming to minimise 
the discomfort of G-forces. 


The first powered flight of 
VSS Enterprise shows the 
spaceplane in action 






























Windows 
There are 12 windows 
in the sides and on 
dal=mer=)|iiaemelmaal= 
craft, allowing 
unprecedented views. 


Articulated seats 
The passenger seats are 
upright during ascent, and 


gcleliatctemelllaiaienactrsialaare Thrusters 
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VSS Enterprise crash a peeiRtatir sie Flying 
After 55 successful test flights, the first SoaceShipTwo, VSS : ee hig h 
Enterprise, broke apart over the Mojave Desert in California, killing ~ 


co-pilot Michael Alsbury. SpaceShipTwo is equipped witha — i i - , See how 


‘feathering system’, designed to rotate the tail and wings for a » . 2 Se SpaceShipTwo 

smooth descent through Earth's atmosphere, but Alsbury unlocked [= _ aeEEE—E—EE, < oe compares to other 

it too early. With the rocket engine still firing, and with VSS Soh — -—> he) Se Bite high fliers 

Enterprise travelling at a little under the speed of sound, the — aa lr eS 

feather system deployed, pulling the spaceplane apart. The other | he ee cas | ’ 

co-pilot, Peter Siebold, managed to parachute to safety. However, [PS > Sia 0 See yh say abate 

the computer system should have prevented the disaster, and it aa oh ES ce | ee ae 

has been changed for the new SpaceShipTwo. This time, it will not | 

be possible for the crew to unlock the feather system too soon. <i 
SpaceShipTwo 


110km 








“ di 
Fuel 
The VSS Unity will use a 
rubber-based, solid fuel, 
making combustion 
more efficient. 
a 
/ 





y Feathered 
configuration 
Le ities ore Highest manned (= 
upwards during re-entry, balloon g 
slowing descent. | ! _ saan = 
el lalerelge  &£ 
configuration a Ow 


SpaceShip!wo can adopt ie 
iatemeliitzia=laimere)aii(e(electale) pice 
behaving like a winged plane 
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Concorde 
18km 
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Airbus A380 
13k 





oxide Cnt “We poked, prodded, 
ABat=mayaelaiemcre) [(em-lare Virgin Galactic 
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the fight ond twisted CVerythIng” \ tivstospace 


Ruppell's KC-I35A 
griffon ‘Vomit- 
vulture Comet’ 

iikm 10km 





a § On20August1977 Voyager 2 
| launched from Cape Canaveral in 

FS Florida aboard a Titan-Centaur 
rocket, heralding the start of one of the most 
ambitious deep space exploration missions 
of all time. Two weeks later Voyager 1was 
sent up in an identical launch, although its 
greater speed meant that it eventually 
overtook Voyager 2. The list of 
accomplishments by the two probes is 
astounding. Between them they have 
SRULOb(clem-VUMe)maelcments) (0) meltcbelciecneymuetcnce)t-be 
system past Mars, in addition to some moons 
of Jupiter and Saturn, making countless new 
discoveries in the process. Now, as the 
qb bau elcrj ments becseet=(e(ce)e) (cle epecessemor-Danemmuslcy) 
are on their way out of the solar system. 

The launch of the mission coincided witha 
favourable alignment of the planets inthe 
seventies that would allow Voyager 2 to visit 
Jupiter, Saturn, Uranus and Neptune. The 
list of achievements by the two Voyager 
spaeecraft is extensive. The Voyager mission 
was only the second - after Pioneer10 and 11 
in 1974 and 1975, respectively — to visit Jupiter 
EValemdalslebetslaeeaemme)blmim-)lcenebtseeltclaciemasl= 
existence of rings around Jupiter, while 
Voyager 2 was the first mission to visit 
Uranus and Neptune. 

The primary objective of the mission was 
OR RULOMA [Ol e)iccymbeleRerclaenaemmeleimeelecnit 
became apparent that the spacecraft could 
continue working, the mission was extended 
compare ececcMi\(cjolaebelcesDelOMObecDelblcp(o)mle\icc1(2 oom 
Voyager1could have travelled to Pluto, but 
NASA decided to extend its mission to Saturn 
balemiecpeetelejem Blezbapm(crshispersmmeleneanreDeme)tcselat 
Pluto one of the largest bodies in the solar 
system yet to be explored. 

BW etcmt(o\'c-tec) @e)ae)olacmelee-Heameleuucya@naeyen 
their radioactive generators, which have kept 
them running even at sucha great distance 
from Earth and will continue to do so until 
loleleimrzevcommiialssemaatcatan isl melon leyarccim@elarele) (a 
to power their instruments. Voyager 1is 
roughly now over 17 billion kilometres (10.6 
billion miles) from the Sun, while Voyager 2 
is at a distance of over 14 billion kilometres 
(8.5 billion miles). 
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“The 


probes have studied 


all the major planets of the 
solar system past Mars” 





After making so many groundbreaking 
discoveries, both spacecraft are now on their 
way out of the solar system. They are both 
expected to pass out of the Sun’s influence 
and into interstellar space in the coming 


* years, although itis not entirely clear when 


this will happen as no machine has yet 
experienced the conditions that the Voyager 
o)ce)olarce-Paowelolelvimconsyeleletacs 

In 40,000 years, Voyager1should be 
within 1.6 light years (9.4 trillion miles) ofa 


* star in the constellation of Camelopardalis 


idelelercdelmcoper-taeleletar-e)t-belcie-Satacyicciic) 00m 
256,000 years later, Voyager 2 will be 43 light 
years (25 trillion miles) from Sirius, which is 
the brightest star other than the Sun in our 
night sky. 


Data 

Asingle 8-track 
digital tape recorder 
(DTR) and Flight 
Data Subsystem 

Veg De) patsbatelleteretes 
elelemers)ile)es ite 
instruments too. 




















‘CTe)le (slam acsime)ge| 
The Golden Record isa y 
collectionofsounds © 
and imagery from 
Earth, intended to 
provide any passing 
extraterrestrial race 
Afitaideblabie)geatsialeaeslele) li 


our home planet. 


Thrust 
The probes manoeuvre 

via Hydraziné thrusters, 
although since leaving 
the planets they hav 
stopped doing so. 
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Voyager 2 
launched atopa 
- Titan [II-Centaur 
g rocketon 

"20 August1977 


Instruments 

On board both probesisascience 
payload with ten instruments, 
including those to measure solar 
wind and those that can detect 
low-energy particles. 
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- Antenna 
The high-gain 
antenna (HGA) 
ib echersjueulecge relic! 
to Earth. 


'Ooyanlanlelalcorciacels . 

Ittakes 16 hours fora message from the Voyager 
probes to reach Earth. However, they're notin 
constant communication, and only | 
periodically send data back to our planet. 


Phone home 
_ Eachofthe identical Weight 
spacecraft use celestial or Each Voyager 
gyroscopic attitude control to probe weighs 
ensure that their high-gain 773g (1,704lbs), 
antennas are constantly with the science 
| pointed towards Earth for payload making 
we communication. ‘up about 105kg 


(2311bs) of this. 













Power down 

To conserve energy as 
Power delcge)celelacnueelanelils WW Feel atsite)gatsitaig 
Three raMoisotope thermoelectric their journeys, many AWavtsphetisabbentselaset-le)(=cheesye) (0) ele: 
generajors(RTGs) supply electrical instruments deemed to measure nearby magnetic field 
power, whichwilleventuallydiminish unnecessary have or intensities, which was used to study the 
but eurrently supply about 315 watts. will be switched off. magnetospheres of the outer planets. 
















Moons Interstellar medium Atmospheres Jupiter lo 


Around the outer planets the Both of the Voyager Voyager probes 1 and 2 both The probes discovered Voyager 1 discovered the only 
Voyager probes discovered probes are now in a region provided unprecedented for the first time a ring known body in the solar system 
23 new moons, including five where the Sun's influence information about the system encircling Jupiter, other than Earth to be 

around Saturn and I] around is increasingly waning, atmospheres of the and they also observed volcanically active: Jupiter's 
Uranus, in addition to and soon they will enter following planets: Jupiter, hurricane-like storms in moon lo. This moon also affects 
imaging our own. the interstellar medium. Saturn, Uranus and Neptune. the planet’s atmosphere. the surrounding Jovian system. 


_ The jourmmey so far... 
What path have the Voyager probes 


taken through the solar system, and 
where are they | now? 











Date reached: 24/1/86 


Heliopause Date reached: 25/8/81 
Thisis where the Sun’s influence i 
isalmost non-existent and the 
Voyager probes will enter the 
interstellar medium, the matter 
between stars in our galaxy. No 
one is sure how far the probes 
are from this point. 





Termination shock 

At the edge of the heliosheath, the 

e Sun's influence in the form of solar | 

SY ee wind slows dramatically and | ' j a 
Voyager 1 heats up atan area knownas the . VOYAGER 2 launch: 20/8/77 
termination shock, which | 

Voyager1 passed in 2004. 











On16 November 1980, 
Voyager 1looked back at 
Saturn and snapped this 
picture four days after it 
atclemerctiisemmalome) e-beam 





Bow shock 





Heliosphere 

Our solar system is contained 
within an area of space where 
the Sun exerts an influence, 
knownas the heliosphere. 
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‘In the case of human payloads, these 
were delivered vid an airlock located 
ot the front of the shuttle” 





































va a Ts a tak oat “ ; a yy 
= Bal 1 sol Cc roc ‘ket L le) Leh Es Wo ] Jil cil T Fue 
Sa)ercbaecielelamsbalemelaclin-b@beliaaeleler fe)devime)elavesiulelatcmaelence 
aal-Wal-E-t-W ala at-Ltdlat-let-a favs tar} 
Ile Lost CL) a 1u iT Nal No VV AV Ual 'S, Cl i | ‘a| Vie cl <a 
= ein tin taealng fd ee r aie 









a - 7 ith i 

i= Lil 

: = Nl 18) i 

iecCna ln? 
le hich swu 





The Canadarm being used 
Toretrieve cargo from 
within the Space Shuttle 


haw=vem [alee the rotating ey 
structure on Launch Pad 39A 





BIGGEST PAYLOAD TO SPACE 
| . | The heaviest non-commercial payload ever launched - the 
Chandra X-ray Observatory —- weighed in at 22,753 kilograms 

9 | (50,161 pounds) on Space Shuttle mission STS-93 in 1999. 
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transfer 
vehicles 


How do these European resupply 
craft keep the ISS fully stocke 


| The European Space Agency’s automated 
transfer vehicles (ATVs) are unmanned 
spacecraft designed to take cargo and 
supplies to the International Space Station (ISS), 
before detaching and burning up in Earth’s 
atmosphere. They are imperative in maintaining a 
human presence on the ISS, bringing various life 
essentials to the crew suchas water, food and 
oxygen, in addition to new equipmentand tools for 
conducting experiments and general maintenance 
of the station. 

The first ATV to fly was the Jules Verne ATV-1in 
2008; it was named after the famous 19th-century 
French author who wrote Around The World In 80 
Days. This was followed by the (astronomer) 
Johannes Kepler ATV-2 in February 2011, and will be 
succeeded by the (physicists) Edoardo Amaldiand 
Albert Einstein ATVs in 2012 and 2013, respectively. 


ATV docking 
procedure | 
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Release 
After launch, the Ariane 5's 
main stage gives the ATVan 
additional boost to send it 
on its way tothe ISS. 
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The ATV-1 mission differed somewhat from the 
subsequent ones as it was the first of its kind 
attempted by the ESA and thus various additional 
procedures were carried out, suchas testing the 
vehicle's ability to manoeuvre in close proximity to 
the ISS for several days to prevent it damaging the 
station when docking. However, for the most part, 
all ATV missions are and will be the same. 

ATVs are launched into space atop the ESA‘s 
Ariane 5 heavy-lift rocket. Just over an hour after 
launch the rocket points the ATV in the direction of 
the ISS and gives it a boost to send it onits way, with 
journey time to the station after separation from the 
rocket taking about ten days. The ATV is 
multifunctional, meaning that itis a fully automatic 
vehicle that also possesses the necessary human 
safety requirements to be boarded by astronauts 
when attached to the ISS. Approximately 60 per cent 








-— Tracking 
— _ The ATV usesastar tracker 
_— andGPSsatellites to map its 
= position relative tothe 
=“ — stellarconstellationsand 
— = ™ = Earthsoitcan accurately 


=" locate the space station. 








= < t iy 
2ach ATWpeapable of datrying 
7  6.6&0NS'Of cargo tothe ISS 





ofthe entire volume ofthe ATV is made up ofthe 
integrated cargo carrier (ICC). This attaches to the 
service module, which propels and manoeuvres the 
vehicle. The ICC can transport 6.6 tons of dry and 
fluid cargo to the ISS, the former being pieces of 
equipment and personal effects and the latter being 
refuelling propellant and water for the station. 

As wellas taking supplies, ATVs also push the ISS 
into a higher orbit, as over time it is pulled towards 
Earth by atmospheric drag. To raise the ISS, an ATV 
uses about four tons ofits own fuel over 10-45 days to 
slowly nudge the station higher. 

The final role of an ATV is to act as a waste- 
disposal unit. When all the useful cargo has been 
taken off the vehicle, it is filled with superfluous 
matter from the ISS until no more can be squeezed 
in. At this point the ATV undocks from the station 
and is sent to burn up in the atmosphere. 
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Locking on 
When it’s 300m (984ft) from 
theISS,theATVswitchesto | 
ahigh-precisionrendezvous § 
sensor called the video 

meter to bringitin to dock. 
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LENGTH 10./m (35 i) piamerer a IM (14.8ft) sPAN 22.40) ( (3.210) 





VOLUME 48m? (1,695ft°) LAUNCH MASS 20, /O00 xe (45,636lb) 







The MPLM was 
transported inside 
NASA's Space Shuttle 


Be, 
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ATV anatomy 













Propulsion Liquids 
The spacecraft module Non-solid cargo, Docking 
of the ATV has four including drinking Inside the nose of the ATV 
main engines and 28 water, air and fuel, is are rendezvous sensors 
small thrusters. stored in tanks. and equipment that allow 
{4 the ATV toslowly 
Hs approach and dockwith 

a 4 : the ISS without causing — y 
fo a a damage to either vehicle. SS ——— 






Other resupply 
vehicles 


The ESA’s automated transfer vehicle isn’t the only 
spacecraft capable of taking supplies to the ISS. Since its 
launch, three other classes of spacecraft have been used to 









Protection 














Like most modules 

on board the ISS, a take cargo the 400 kilometres (250 miles) above Earth's 

micrometeoroid — A. = ° surface to the station. The longest serving of these is 

amt and insulation hits ~ p— >?) arr Russia's Progress supply ship, which between 1978 and the 

pea ae a fay Racks — | es ay) Naviaati present day has completed over 100 missions to Russia’s 

objects that may | Py a ee ak ea mn 7 Oi _ mse tak ee Salyut 6, Salyut 7and Mir space stations, as well as the ISS. 
ey yal payload racks. These are like . a Atv] i. cn Gee yee re 

strike itin space. ieyaend mus becontanned high-precision navigation succe eding Progress was the Italian-built multipu rpose 

to be ableto fitinto the same system that guides the logistics module (MPLM), which was actually flown inside 


sized berths on the ISS. vehicle in to the ISS dock. NASA‘s Space Shuttle and removed once the shuttle was 
eacaie = = docked to the space station. MPLMs were flown 12 times to 
~Eirrently, ESA ground control the ISS, but one notable difference with the ATV is that they 
pga eee — were brought back to Earth inside the Space Shuttle on 
i every mission. The ATV and MPLM share some similarities, 
though, suchas the pressurised cargo section, which is 
near identical on both vehicles. 

The lastand most recent resupply vehicle is the Japanese 
H-II transfer vehicle (HTV). It has completed one docking 
mission with the ISS to date, in late 2009, during which it 
spent 30 days attached to the station. 
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Solar power 
Four silicon-based solar 
arrays inan X shape provide 
the ATV with the power it 
needs to operate in space. 


Emergency 

Inthe case ofan 
emergency theastronauts 
can stop the ATV moving 
towards the ISS or propel it 
away from thestation. 


Two laser beamsare 


bounced off mirrors on the 


ISS so the ATV can measure 
its distance from the station, 
approaching at justafew 
centimetresa second. 
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Boost 

The ISS moves 100m (328ft) 
closer to Earth daily, so to 
prevent it falling too far 
ATVs use their main engines 
to push it into a higher orbit. 









Solar-powered S| 


Harnessing energy from the Sun, solar-powered space | orob 
taking environmentally friendly technology farther be ay 


a Whenyou're launching a space probe 
to a distant planet, every kilogram 

~ counts. Every aspect of the designisa 

compromise between weight and scientific 

capability. With engine fuel at a premium, and 

batteries heavy and limited in life, solar cells 

- which draw their energy from the Sun itself 

— are an ideal way of generating power. 

Solar cells rely on the photoelectric effect, 
which causes current to flow through certain 
materials when they are struck by light. The 
effect was discovered as early as the mid-1800s, 
and explained by Albert Einstein in 1905. It 
arises when individual photons of light 
striking a surface provide enough energy for 
charge-carrying subatomic electrons to break 
free of their individual atoms. 

However, practical solar cells only becamea 
reality thanks to the development of new 
semiconductor materials such as silicon and 
gallium arsenide in the mid-Fifties - justin 
time for them to be used in some of the earliest 
Earth satellites, and later in space probes. 
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“Practical solar cells only became a 
reality thanks to the development of 


* 


For more far-flung missions, however, there’s 
a stumbling block: the energy available from 
sunlight drops proportionally with distance 
from the star. As a result, solar energy has until 
recently only been a viable power source for 
missions to the inner Solar System (ie as far out 
as Mars). Advances in the efficiency of solar 
cells, along with the ability to pack and unfurl 
larger arrays (each carrying many separate 
cells) are starting to change that, as ably 
demonstrated by the Juno mission to Jupiter. 

While most spacecraft still use solar cells 
purely for powering on-board systems, an 
increasing number are using them for 
propulsion too. Solar-electric, or ‘ion engine’, 
propulsion uses sunlight to split propellant 
into electrically charged ions and fire them out 
of the engine at extremely high speeds. The 
acceleration force this produces is tiny, but can 
be sustained for months or even years with just 
a small fuel supply. This makes it perfect for 
use on complex missions such as the Dawn 
probe currently touring the Asteroid Belt. 


ie [el alow ola lnat-|a\mele)(-eah =m i 
to help us understand the 
e) ale] [atme) mer-i-melr-|pilmelelelincls 
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new semiconductors such as silicon” 
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Ofeyealiatemelaliiat= 
Directly after launch, Juno 
only needed the power from 
two of its solar array panels; 
the others are needed as it 
travels farther from the Sun. 


Harvesting solar 
power at Jupiter 

Launched in August 2011 and arrived at Jupiter in 
2016, NASA’s Juno mission will push solar power 
technology to its limits in order to give us a 
unique new view of the largest planet in the Solar 
System. Previous probes to the outer Solar 
System, such as the Voyager missions and the 
Cassini orbiter, had to carry a radioactive power 
source with them, but advances in solar cell 
design - specifically the use of highly efficient 
multi-junction photoelectric materials made from 
crystals of gallium arsenide - will enable Juno to 
operate despite receiving just four per cent of 
the sunlight available at Earth. 

Three huge solar arrays will generate 486 
watts of power, roughly half of which will be 
used to keep the spacecraft warm, while the 
other half powers Juno's flight systems and 
scientific instruments. Juno’s orbit will carry it 
high above Jupiter’s poles, and as it will spend 
long periods of time in the gas giant’s shadow, 
the power will also be used to charge a pair of 
lithium-ion batteries that should keep the 
Spacecraft operating while it’s in the dark. 

































Launch mass: 
3,625kg (7,992lb) 


Jupiter arrival: 
July 2016 


Number of Jupiter orbits: 33 


Planned orbit altitude: 
5 000km (3,100mi) 


Key instruments: 


UV imager/spectrometer; plasma 
detector; radio/plasma wave 


experiment; six-wavelength 
microwave radiometer 





Juno spacecraft 


Launch: 5 August 2011 


1958 


The US launches Vanguard 1 

(right), a grapetruit-sized 

satellite and the first to be 
powered by the Sun. 





1970 


The Soviet Union's 


NASA's Deep Space 1 mission 
Lunokhod 1 is the first (right) pioneers solar-electric 
solar-powered rover to 

Elalekelameat=aiyi(elean 


1998 2010 


JAXA's IKAROS spacecraft 

launches and successfully 

uses a solar sail as its main 
means of propulsion. 





propulsion, paving the way for 
missions like the Dawn probe. 
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= = The solar arrays carry a 
Z STS SE total of more than 18,000 
Seas ge Fess individual cells and could 
pee kaa Teena generate around 15kW of 
Se ze aie 


power in Earth orbit. 





——— 
Rotation 
Juno spins on its central axis 
roughly once every two 


minutes, with the distribution 


of the solar arrays helping it 
to remain stable. 











Twin arrays 
Two of Juno’s solar arrays are 


8.9m (29ft) long and 2.7m 
(8.9ft) wide, each consisting 


of four separate panels. 


Ofoyaalpnlelalierspaie) ars 
Stabilised by Juno’s slow spin, the 
high-gain antenna will keep a lock 
\ the e ANY 
Pica 


on Earth throughout the mission, 
‘o) \.: hig ‘ 


allowing radio communication. 
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tert Nm celmeclelFlaleye I ih in 
All Juno’s electrical components, ents 
Tareelel|atemual=mcie) f-|qret=)| eer) a= 
specially designed to operate in 
the harsh ‘radiation belts’ around 
Jupiter. Nevertheless, the 


components are still expected to 
fail after 15 or so months. 


Smaller array 
Juno’s third array has just 
three panels, with the place 
of the fourth taken by a 
magnetometer for studying 
a[reyicctecmaatelelatcitcen atl eh 
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2011 


Juno launches - the first 
spacecraft to use solar 
power in the outer 
Solar System. 













SPACECRAFT 


Discover how this new seneration WEMaCliay 
help us venture into space like never betore... 


a Getting into space is no mean feat. 

Since the dawn of the Space Age we 
~ have relied on large, expensive and at 
times dangerous launch vehicles —- namely 
rockets - to give payloads the necessary 
altitude and speed to get off our planet. Rockets 
use a huge amount of fuel, they’re not reusable 
(hence their expense) and, perhaps most 
jhaahele}ae-belaa’mmaetcatm@ar-hicuelalcsamcealenusenepr-Dimy sige! 
often disastrous consequences. But what if 
there was another way to travel off our world? 

The holy grail of space exploration has long 
been to design some sort of vehicle that can 
EcLebelelamaae)semealcu-saelepalemm e)vemalcamnelren-jey-lece-palel 
return to Earth in one piece, with no 
a>. 0l=delerclol(-meepastelevel-selece-Dalomasseaneact-Upalie 
Space planes are oné such idea that have been 
touted (and partially tested, as we'll explain 
later). They are vehicles that can take off from 
runways, travel into space and return to Earth. 
As their name would suggest they are 
essentially aeroplanes, but witha key 
difference: they are capable of operating bothin 
id elemiovacshiabetca-iusatelje)el-acneyeat-tasen-belomeomeels 
eatelelemer-Dacjel-vm-)enabae)eberl=valme)aciels(a=n 
The first space plane of sorts was the rocket- 


d X-15 jet in the Sixties. Itremains th e th » 
festacl winnie cechicic oe planta and SpaceShipTwo Mae m2 ’ 






performed what is known asa suborbital flight® Virgin Galactic’s eight-seater Spaceshiplwo Unlike SpaceShipTwo, California-based - 
3 oe space plane will take off from Virgin's own XCOR's Lynx space plane lifts off and lands all 
where a vehicle reaches the boundary of space Spaceport America in New Mexico. It will be by itself. Carrying one pilot and just one 
BOLO A=) MODS OLSMEOM ot-Danemolelmolel=tcmalelm=selks)me)aosim carried by a larger mothership - paying passenger, it can take off froma 
Only two of the multitude of flights it performed Wid eth a=) al (o] and AVi'(0 fem e(-)(0)¢-Wo(=ie-leallaleMiamaat= (ove) a\Y/=1n)4(e)af=| Maul alu rc\'am t-],41elemomciesi=1eNelian|ene)i 
| ; upper atmosphere and using a rocket motor to r=] 0]0]0) a fom e(=1e/a=1-s-7 01-100) g=m(=\"/21|[ialemeleim laine) 
technically reached space, but it lent weight to propel itself into orbit. It will be used initially elefelgeliarclaemastsiameciaelealiave cen ot] a0ap 
the concept of aspace plane nonetheless. for space tourism, with 400 passengers However, the plane’s development was halted 


eligerle hv el-|(emelommr-lale mi" ||@-leemeemel=ie|ia 
ore) an) ani=iaott-| Mille lala-meleldialepeael hop 


Since then we have seen a few other and the company went bankrupt in 2016. 


pretenders take to the skies. NASA's Space 
Shuttle was a space plane inthesensethatit ° 
glided back to Earth after completing 
fo) ol-ve-lalejerspeeme)ae)lomeleia-l-wimt-lebeleelclomelamne)eneya:| 
rocket it was never regarded as a true space 
plane. The Soviet-built Buran spacecraft 
ore) acovacetaempamesle(eemmatcucr-Deot=ment-benetsya 

Now, in the coming years, we can expect to 
see more genuine space planes, each witha 
different design. The vehicle that has garnered 
the most attention in recent years has been 
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In 2004, SpaceShipTwo’s predecessor SpaceShipOne completed the first 
two-manned private spaceflights with pilots Brian Binnie and Mike 
Melvill, scooping the Siomn (£6.6mn) Ansari X Prize in the process. 
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Spaceport vs airport | 


There are currently two major spaceports operating in the 
USA: the Mojave Air and Space Port in California and 
Spaceport America in New Mexico. 

Spaceports must be able to support the added force 
associated with a space plane both at launch and landing. 
Thus, runways must be reinforced and also longer than 
conventional ones as space planes require a longer 
distance to accelerate and brake. 

Spaceports also need training facilities to prepare their 
raf=koyot=) ale (=) acme) mndat=M ale [ell g-me) mj e}-[ei-) i [(e] a) am Ml] \(-m geler <=) | 
Jaunch sites, spaceports benefit from being placed near 
the equator too. This allows the aircraft to get an added 
boost from the rotation of the Earth, making it slightly 
* easier (and so less costly) to reach orbit than if they were 

Flelateialigtemi-laani-ia-ln ech ige)aamaal-M-16|6'-]00) @ 


























Spaceport America in New Mexico, 
USA, is where Virgin Galactic’s 
SpaceShipTwo will be based 








Dream Chaser Skylon 


Sierra Nevada Corporation's Dream Chaser | UK-based Reaction Engines Limited’s Skylon 
will launch on top of a rocket (probably an plane could be a game-changer. It’s intended 
Atlas V) into orbit. It is expected to be able to Mn ol -lUlalolamicelaieNcciaieaecemalla en aelie 
dock with the ISS before gliding back to Earth, 240 gam con ot-|adamiai-B-)ial¢](=melaliers|alemece)e|(emer-|aay 
just like the Space Shuttle once did. In 2016 24 passengers. Development is ongoing and 
NASA awarded it a contract under CRS2. it may well be flying in the near future. 
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Virgin Galactic’s SpaceShipTwo. This rocket- SpaceShipTwo it doesn’t have a carrier vessel, This would bea huge advancement for satellite 
powered aeroplane is lifted intothe sky bya and thus will be able to launch and land itself operators, who at the moment must rely on 
larger mothership, WhiteKnightTwo, before onarunway, bringing usabigstepclosertothe rockets to getsatellites off Earth but, in future, 
separating and using its rocket engine to take true vision of a space plane. daleyiaeeleulomelsice-Oha@echam-lm-mecleleem le i's) meee 

six paying customers into space. Here, ata cost But aside from taking tourists on out-of-this- Space planes are also expected to fly 

of $200,000 (£133,000) each —- although this has world trips, space planes have another more passengers and crew not only into suborbit, but 
recently risen to $250,000 (£166,000) — they haahelesauchaimetciomm lmicn-y.qelclelcclemm-jelcreerlerdehvar'siaal RaLKomavedmesde)iccecbaelebelemmalcm ot-Rasemm@pelcnaeleelel-beny 
experience six minutes of weightlessness. future versions of SpaceShipTwo and Lynx (eg ole) e)ber-mcomelenaedtcpicte)(-)ee-B\\(-\ic-let- mae) aele)e-laleye! 


|imspalelmdetome)euara-)ey-lecm e)t-Delsmeemelantcc)(o)epentczent SpaceShipThree and Lynx Mk 2), that they will (SNC) with its Dream Chaser craft. With funding 
though. Acompany called XCORAerospacehas eventually be able to launch payloads suchas bce) coW\\PatoyaWmaelsniacRasmelejeveetomeomt-leseleemaelicme)t-bal= 


been quietly building its own vehicle, knownas _ satellitesinto orbit. To do so they will reach as the successor to the Space Shuttle. Travelling 
the Lynx aircraft, which will be able to take their peak altitude before releasing a smaller atop an Atlas V rocket, it will be capable of 
paying passengers into space. Unlike spacecraft, which carries the payloadinto orbit. taking up to seven people into low Earth orbit 


Rudder 


Bial-maelele(-\e-mer-|aneele-|t-Be10) 
degrees into a ‘feathered’ 
position to lessen the 
heat of re-entry. 


Inside SpaceShipTwo 



























Dimensions 
SpaceShipTwo is 18m 
(10) a0 (o)alee-lalemal-1-e-) 


wingspan of 8m (27ft). Glide 


BBal=mer-|aslelatoilele-m/ialeiome) i 
SpaceShipTwo allow it to 
glide safely back to Earth. 





Rocket 
SpaceShipTwo's hybrid 
rocket engine boosts 
the vehicle for /O 
seconds to reach space. 


Elevon 

SpaceShipTwo controls its 
pitch and roll in the atmosphere 
with movable elevons. 


Composition 

The vehicle’s chassis 

is made entirely of 
carbon-fibre composites. 





Nose skid 


The vehicle has wheels 
and a front nose ‘skid’ 
ela telalelialemelamem allel itc\(A 








ViTateleyy' 


Cabin Crew A series of reinforced 

The interior of SpaceShipTwo is OJaWeler-| com 'slcellemCr-|t- (018 (om VVilatele\i\i-w-)ace)ceimaal= —, q 
pressurised, so passengers can plane there are two pilots passengers a great _ | 
enjoy space without spacesuits. and six passengers. view of the Earth. 





History of 
space planes 





1959 


The first rocket- : 
powered plane, the 


1988 


The Soviet-built 


1963 1981 ‘ 





Pilot Joseph Walker The Space Shuttle, , Buran space 
How It Works picks out a few NelgtaneVaaclaieria takes the X-15 into capable of taking a crew shuttle makes 
key dates in the evolution of X-15, makes its space, making it the Elatemerlaetehcel-latehicelaake)ge)ia its first and only 
space-faring vehicles maiden flight. world’s first space plane. Flviatealcmielamtatchilecimdinatey flight into space. 
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(LEO) where they could dock with the 
International Space Station (ISS). This would 
provide the ISS with another means of 
transporting crews to the station aside from 
Russia’s Soyuz spacecraft. After leaving the 
ISS, the Dream Chaser will fly back down to 
oreDasemesieleemblccat-Bactcaultcbar-(-)ae)e)tchater 

Another vehicle designed to take both people 
Ebelomercbexepelcenejas)imemelvimnen@eminienanslsye 
behind in its development than the Dream 
Chaser - is the Skylon space plane. Currently 
being developed by UK-based Reaction Engines 
Limited (REL), Skylon could bea revolution in 
space travel ifit ever flies, as itis larger than 
SpaceShipTwo and boasts a much bigger hold. 

REL has stated that when Skylon lifts off- 
hopefully at some point towards the end of this 
decade - it will reduce the cost of taking a 
payload into space from £15,000 ($23,000) to just 





Flying into space 


1. Takeoff 
Virgin's SpaceShipTwo is 













«= es ee» SpaceShipTlwo 


imoLa1On tole le le) mele) meu oy-aecbsemmimeelelom-l tone ccbersjeleyal 
as many as 24 people off our planet ata time. 
The vehicle will use a hybrid air-breathing 
rocket engine to reach orbit ina single stage 
before gliding back to the surface. 

The goal of space planes is, ultimately, to 
reduce the cost of going to space. While the 
early flights of SpaceShipTwo and Lynx will 
predominantly be centred around tourism, itis 
fully expected that space-faring aircraft will be 
used to take useful cargo into orbit in the 
not-too-distant future. Making space more 
accessible will enable us to operate more 
efficiently in Earth orbit, while the tourism 
aspect will help to fund those endeavours. 
|PateCctoremmere}eeyer-benlcm el comiabecsbemer-tt- lea len et-huc 
said that, while the first few hundred tourist 
flights will be quite expensive, future tickets 
J ele]oelemel-ree)selcmoclelevemestejacm-seceyaet-le) (cn 


as om om LYNX 


3. Re-entry 


The tail is moved into a 


mtemereleyiy released from the ——_ eM feathered position for 
ecietemelelel ay, WhiteKnightTwo ss JS "Se re-entry to slow the 
mothership at aheight of +“ "S descent. At a height of 
1Skm (mi), with its hybrid .* 9 Space * 21km (13mi) it moves back 
rocket engine propelling ie The vehicle levels out at 110km *s and SpaceShipTwo glides to 
itupto4,260km/h (69mi) - officially space - where —s @!anding. 
(2,650mph). , the passengers then experience 
Rd about six minutes of ie 
Pg weightlessness before the return . 
8 to Earth begins. * 
| r; ‘ 
a. 1. Takeoff +. 
i The Lynx lifts off from a runway of its own \ 
ae oe accord. It climbs between 70 and 80 degrees at \ 
aso door if ‘ a speed of Mach 2 for about five minutes. 5, 
i . 2. Suborbit . 
Pd ; The service height of the Lynx Mk lis 62km " 
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2004 


Scaled Composites’ 


2005 


Space plane Richard Branson's 
completes the first Vil celiamCt=|-leiu(om-(oe|0)|¢=t-melor-|(=18 
privately funded Composites and then begins 


human spaceflight. work on SpaceShipTwo. 


(38mi), where the pilot and passenger will 4 
experience a few minutes of weightlessness. 
Lynx Mk II will reach above 100km (62mi). 


landing, ready to fly again the same day. 





ya @ ' 3. Re-entry \ 
i : The Lynx has reaction control thrusters that ‘ 
: \ allow for a controlled, smooth re-entry before it ‘ 
I \ . ‘ 
i JP \ glides back down for an unpowered runway ‘ 
i \ ‘ 


YAU: 


XCOR Aerospace | 
announces that 40) ie: 
it will begin SpaceShipTwo makes its first 


rocket-powered flight, a key 
step to full launches. 


development of the 
Lynx space plane. 


Steve Isakowitz 


The Executive Vice President 
Tare Mm Onl sim c=vedalaleliels mel agterals 
at Virgin Galactic tells us 
why we should be excited 
about space planes 





Why are space planes important? 
Space travel is one of the only 
iesUercjoleyauclalevameatelelcrcmuielcdacmuucmaebaenny 
everything away every time we fly. What 
we're trying to achieve is the ability to fly 
dalsrcromcpelelejaeviectmiaredele-pmovabarcmeleyieomeals 
[space plane], turn it around quickly and 
re-fly it over and over again. 

Will tickets to space become cheaper? 
sWetcleptcnelen aevel-0 ace ke)el-emevenadel=u-jey-(a- 
frontier for anybody who has the desire to 
go there. Once we prove this second- 
generation vehicle [SpaceShipOne was the 
first] we expect to have a third, fourth and 
fifth generation that will continue to drive 
oKeyiiaemeresc]aceebelombaste)ae\ucma-)bt-lelntara 

What differentiates SpaceShipTwo 
from the Lynx? 

We're giving people the opportunity to 
unbuckle from their seats and have the 

(0) 0) elev aaPRevin’ muons ler-imitainabbemdel-mercleyeal. bere 
experience both the euphoria of zero-g 
Velom lee) @ueremoleimagtomtebelelennice-balemcisi-ba re 


ee ee ee ee ee ee ee ee ee 


What can we expect in the future? 
One of the things we keep our eyes onis 
point-to-point travel, the idea of flying 
between two very distant cities but ata 
jeeclealeeme)maal-masastcmaest-im@iae: i qcrcwe| 
commercial airline to do it. You might be 
able to fly from Tokyo to Los Angelesina 
third of the time that an airline currently 
does. That could be a huge industry that 
one could tap into [sometime in this 
decade] with some of the very technologies 
that we’re trying to develop. 


| Wac) 





© NASA; SNC; Virgin Galactic; Jeff Foust; XCOR; Reaction Engines Ltd; USAF 


Se 


coats ’ Te a . > > 
I, \ eee werechre. a oO 
a? Om MLS | 

. SS Mae] 





. : bo I . ' i 4 oe , 
: ¥ ANIMALS an," 2 = = = d= BL mus i 2 oe 
WORLD'S mosT eXTRAORDINAR “ 2 =. Woe cc Bie ci ag 
TS OF THE 4 | : Soa 
THE SECRE 7 
pIscOVER 


= THE COLD WARS 
COSMIC AITLE = 


LO SRhk Dal Pe 
FOR THE STARS 











Explore the secrets of the universe, from the days of the 
(oll alesctslUlacm commu aloW pall esler(st-ey mm aalele(siaa moves) slash 


LIVESCISNCE 


eee g 7 . 
fe” : wa D td O SAL R$ 
ta 1G a EXPLORE THE SECRETS OF HISTORY'S MOST 
Hye oh ae aay Ze =~ EXTRAORDINARY CREATURES 
§ AT er a Pi 4 i alain ta ‘“ 





_? 
o oo 
+ hr... 
fag 

— F 


EVERYTHING: YOM NEED TO KRW ABOUT THE HUMAN BODY 


(*@ 


FUL Ree | | | 
7 r Magazines, back issues & bookazines. 


: - WWW.Magazinesdirect.com \& 








AA DAR ADD DD AAD ADD DD 


DRA RADAR AAA AR ADD 
NN NNN SN 
AR aR R RRR RRR ROR 
Daa RA RARRR A RAD DDD DD 











VUUVUCVURSUNTUTUSS 












WUVUV TTT YS 


NVVWWVIWV TY 
WYVWWYWWY WT 


DAR RRR DDD 


MARARARAAA 


ARAB DDD A 


















DRA RRA RADDA DAD 
NN NNN NSS SN SN 





ARR R RRR ADADA AAD 
~LARRARRARAARARA DAA 
~DRA RRR RAR RAR AAD DD 
DARA RRR DDD DODD OO 
ALR AR RRR RRR RRR RRA 


ey Se. Ee a eee a Og ee ee Te ee ee ae) eee 


“a es | “ess es ee es ee es es ee Ss es es “| “ee 



















7 
- eae Oc 
LTH | rT A fedd 

















MILITARY AIRCRAFT 


rN wy: 5 


r - . 
=-LIC®PTER 
‘ , 


THE DEADLY GUNSHIPS GLIMIMATING THE ENEMY FROM ABCVE 





The world’s . 
largest passenger yet 














